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FOREWORD 


This  report ( the  Review  of  Experience,  documents  the  historical  main- 
tenance experience  fcr  the  DDG-37  Class  Flremaln  and  Auxiliary  Machinery 
Cooling  Water  Systems,  presents  an  analysis  of  the  problems  encountered, 
and  recommends  actions  to  Improve  system  material  condition.  It  has  been 
developed  for  NAVSBA  934X,  the  sponsor  of  the  Destroyer  Engineered 
Operating  Cycle  (DDEOC)  Program,  under  Navy  Contract  N00024-78-C-4062 . 


ill 


SUMMARY 


J- 


The  goal  of  the  Destroyer  Engineered  Operating  Cycle  (DDBOC)  Program 
la  to  effect  an  early  ii^provement  In  the  material  condition  of  ships,  at  an 
acceptable  coat,  while  maintaining  or  Increasing  their  operational  availa- 
bility during  an  extended  operating  cycle.  In  support  of  this  goal.  System 
Maintenance  Analyses  (SMAs)  are  being  conducted  for  selected  systems  and 
subsystems  of  designated  surface  combatants.  The  principal  element  of  an 
SMA  is  the  Review  of  Experience  (ROB) . This  report  documents  the  ROB  for 
the  DDG-37  class  Firemain  and  Auxiliary  Machinery  Cooling  Water  Systems. 


The  ROB  is  an  analysis  of  existing  and  anticipated  problems  that  affect 
the  operational  performance  or  maintenance  program  of  a ship  system.  The 
ROB  report  serves  as  a vehicle  for  assessing  the  significance  and  conse- 
quences of  identified  problems.  The  report  also  recommends  specific  actions 
and  a system  maintenance  policy  that  will  prevent  or  reduce  the  impact  of 
problem  occurrence  while  improving  material  condition  and  maintaining  or 
increasing  system  availability  throughout  an  extended  ship  operating  cycle. 


The  Firemain  and  Auxiliary  Machinery  Cooling  Water  Systems  ROB  includes 
an  analysis  of  all  available  maintenance  data  sources.  The  documented 
maintenance  experience  of  the  system  was  reviewed  through  analysis  of  data 
from  the  Maintenance  Data  System  (MDS) , Casualty  Reports  (CASRBPs) , and 
system  overhaul  records.  Initial  findings  from  these  sources  were  corre- 
lated with  Planned  Maintenance  System  (PMS)  requirements,  system  altera- 
tions, and  system  technical  manuals  to  Identify  maintenance  problems.  Ship 
surveys  were  conducted  and  discussions  were  held  with  appropriate  technical 
groups  to  validate  identified  problem  areas,  identify  undocumented  mainte- 
nance problems,  and  determine  the  status  of  current  and  planned  actions 
affecting  the  Firemain  and  Auxiliary  Machinery  Cooling  Water  Systems.  All 
findings  were  evaluated  and  appropriate  conclusions  developed.  Recommenda- 
tions were  then  formulated  to  implement  existing  and  newly  defined  correc- 
tive actions  to  minimize  the  occurrence  of  identified  maintenance  problems 
and  their  impact  on  an  extended  operating  cycle. 


? 

j 


i 


The  major  findings  and  conclusions  resulting  from  the  Review  of 
Experience  for  the  Firemain  and  Auxiliary  Machinery  Cooling  Water  Systems 
are  Bummari^ed  as  follows i 

• Major  restorative  maintenance  of  the  Firemain  and  Auxiliary  Machin- 
ery Cooling  Water  Systems,  with  the  exception  of  the  firepump  tur- 
bines and  pressure  regulators,  will  not  be  required  during  Baseline 
Overhaul  (BOH)  or  during  the  Engineered  Operating  Cycle. 

• The  firepump  turbines  and  pressure  regulators  require  a Class  "B" 
overhaul  during  BOH  and  at  each  follow-on  RoH. 

• Ship's  Force  is  normally  capable  of  main.^^-ning  the  system  with 
Intermediate  Maintenance  Activity  (IMA)  assistance. 

• The  Ship's  Force  repair  effort  is  generally  hindered  by  the  lack  of: 
**  An  adequately  maintained  lathe 

••  A comprehensive  standard  procedure  for  centrifugal  pump  overhaul 

• Incorporation  of  the  sealed  insulation  system  for  electric  motor 
rewinds  promises  to  be  an  excellent  long-term  solution  to  the  high 
rewind  rate  for  electric  motors. 

• The  impeller  wearing  rings  for  the  cast  gun-metal  casing  firepumps 
currently  stocked  in  the  Navy  Supply  System  are  not  suited  for 
salt  water  applications. 

• The  Firemain  and  Auxiliary  Machinery  Cooling  Water  Systems  appear 
to  be  adequately  supported  by  the  Navy  Supply  System;  only  one 
major  change  is  necessary. 

• Current  FMS  requirements,  as  modified  by  changes  recommended  in 
this  report,  are  adequate  to  maintain  the  Firemain  and  Auxiliary 
Machinery  Cooling  Water  Systems  throughout  the  Engineered  operating 
Cycle. 

Reliable  operation  of  the  Firemain  and  Auxiliary  Maclilnery  Cooling 
Water  Systems  can  be  expected  during  the  Engineered  Operating  Cycle  if 
several  recommended  changes  are  performed  in  the  following  areas : 

• Baseline  Overhaul  (BOH)  Requirements 

• Intracycle  Maintenance  Requirements 

• Follow-On  ROH  Requirements 

• Reliability  and  Maintainability  Improvements 

• Planned  Maintenance  System  Changes 

• Industrial  Facility  Improvements 

• IMA  Improvements 

• Integrated  Logistic  Support  (ILS)  Improvements 

Table  S~1  summarizes  all  recommendations  resulting  from  this  Review 
of  Experience. 
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T^bXe  S~l,  OF  ROB  RBCCMMENDATIONS 


Equipmsnt 

Reccmmendation 

Ruaaon  1 

1 

B«i«allne  Overhaul  R^qulramanti 

Englna  Latha 

inipect  end  repair  aa  neoeeaary. 

Availability  of  a workable 
lathe  is  fundamental  to  the 
Ship's  Force  repair  effort. 

Ensure  that  nil  attaohnanta  are 
available. 

Flrapump  Turbina 

I'erfom  Cleas  "B"  overhaul  of  the 
turbinaa  in  accordance  with  TRS 
0521-086-601. 

This  type  of  overhaul  should 
be  accomplished  only  at  the 
depot  level. 

Intracycle  Maintenance  Raqulramanta 

All  equipmanta  of  the 
Firamain  and  Auxiliary 
Machinery  Cooling 

Water  Syatame 

Accomplish  existing  PMS  requirements 
aa  modified  by  recommendations  of 
this  report. 

Existing  PMS  requirements  1 
modified  as  recommended  by 
this  report,  adequately 
addrean  required  Intracycle 
maintenance. 

Follow-On  ROM  Requirements 

Englna  Lathe 

Inspect  and  repair  as  neceseary. 

Availability  of  a workable 
lathe  is  fundamental  to  the 
Ship's  Force  repair  effort. 

Firep'jmp  Turbines 

Perform  Class  "B"  overhaul  of  the 
t irbJ.nee  in  accordance  with  trs 
0521-0R6-601. 

Estimated  to  be  necessary  by 
the  end  of  a 60-month  oper- 
ating cycle. 

Reliability  and  Maintainability  Improvamanta 

Motor  and  Turbina 

Driven  Flrepumps 

TYCOM  should  establish  a uniform 

firepump  operating  policy  toi 

* Operate  flrepumps  2 and  4 whenever 
steam  is  available. 

■ Operate  firepumpa  1 and  6 in  port 
or  whan  under  way  when  flrapumps 

2 and  4 are  not  available. 

* Keep  flrepumps  3 and  S set.  up  for 
automatic  start  to  the  maximum 
extent  possible. 

Shift  the  relative  mainte- 
nance burden  from  the  high- 
burdened  3 and  S to  the 
lower-burdened  1 and  6, 
reduce  the  number  of  rewinds 
of  1 and  6,  and  increase  the 
effectiveness  of  the  automatic 
start  capability  of  3 and  5. 

NAVSEC  should  determine  the  best 
method  for  gun-metal  pump  casing 
repair  and  promulgate  uniform 
repair  instructions  . 

At  least  two  different 
methods  of  repiir  are  cur- 
rently in  use,  no  determina- 
tion having  been  mads  of 
which  method  is  preferred. 

Use  a run-to-fallure  maintenance 
strategy  for  the  installed  fire- 
pumps  of  the  DDG-37  Class. 

The  mean  time  between 
significant  maintenance 
actions  is  short. 

Develop  a ShipAlt  to  implement  the 
recommended  relocation  of  the  fire- 
pump  bearing  housing  vent  drain. 

Improved  grease  flow  through 
the  bearing. 

Develop  a ShipAlt  to  install 
stainless  steel  casings  on  all 

DDa-37  Class  flrepumps. 

Stainless  stsel  casings  pro- 
vide a solution  to  ths  casing 
erosion  problems,  and  fire- 
pumps  3 and  5 have  more 
casing  sxosion  problems  than 
other  firepumoii. 

(continued) 


Table  S-1.  (continued) 

Equipment 

Recommendation 

Reason 

Kelieblllty  and  Maintainability  Improvemente 

(continuad) 

Fieapump  Electric 

Mo  tori 

Uia  a run*to-failure  maintenance 
etrategy  for  the  Inetalled  fire* 
pump  electric  motore. 

Motor-rewind  prevention  does 
not  land  itself  wall  to  pre- 
ventive maintenance  baaed  on 
calendar  time. 

Develop  a procedure  to  rewind  the 
electric  motore  utllisinq  the  eealed 
Ineulatlon  eyitem  on  all  four 
electric-motor-drlvan  flrepumpi. 

The  sealed  insulation  ayatem, 
when  implemented,  promisea  to 
be  an  axoellsnt  long-term 
solution  to  the  higln  rate  of 
aleetric  motor  rewind  for 
motors  Bubjoctad  to  hlgh- 
moiatura  environment. 

Firepump  Turbina 

Uie  a run-to- failure  raalntenanca 
etrategy  for  the  inatalled  fire- 
pump  turbinee. 

The  intracycle  maintenance 
should  be  minor,  with  major 
corrective  maintenance  being 
aceompliahed  at  BOH  and 
follow-on  ROMs. 

Auxiliary  Hachinary 
Coolinq  Water  Pump 

Hava  Ship'e  Force  check  the  flange- 
tc-flanga  alignment  of  the  pump 
and  auction  and  dlecharga  piping 
and  adjuat  the  pump  foundation 
bolta  and  the  piping  hangara  to 
correct  any  miealignment.  The 
cheek  ehould  be  mode  each  time 
thia  pump  la  opened  for  corrective 
maintanancf . 

Reduce  the  internal  wearing 
parts  and  motor  bearing 
usage  rates. 

Ilea  a run-to*  failure  maintenance 
atratigy  fur  the  inatalled  auxiliary 
mac(Unery  cooling  water  pumpa. 

The  mean  time  between 
significant  maintenance 
actions  is  short. 

Develop  a ShlpAlt  to  provide  a 
mechanical  aaal  for  the  pump. 

Decrease  the  number  of 
motor  rewinds. 

Auxiliary  Machinery 
Cooling  Water  Pump 
Motor 

Conitruct  a ahinld  of  light  aheet 
mata)  over  the  motor. 

Prevent  grounding  out  of 
the  motor  duo  to  accidental 
watting . 

Develop  a procedure  to  rewind  the 
electric  motors  utilizing  tne  sealed 
insulation  system  on  both  motors. 

The  sealed  insulation  system, 
when  implemented,  promises  to 
be  an  excellent  long-term 
solution  to  the  high  rate  of 
electric  motor  rewind  for 
motors  subjected  to  high- 
moisture  environments. 

Planned  Maintenance  System  Changes 

Motor  and  Turbine 
Driven  Plrepumpn 

Change  the  periodicity  of  the  annual 
open  and  inspect  PHS  check  to  a 
situation  requirement. 

The  pump  internals  will  be 
inspected  when  opened  for 
corrective  maintenance. 

Motor  Driven  Firepumps 

Establish  a PMS  requirement  to  oper- 
ate firepumps  1 and  6 every  day  for 
about  one  hour. 

Moisture  accumulatio.i  will 
be  prevented  and  the  number 
of  motor  rewinds  reduced. 

(continued) 
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Table  S-1 . (continued) 

1 Equlpmsnt 

ftecommandation 

Reason 

Planned  Maintenance  Syetam  Oiangai  (continued) 

Swing  C)>ec)t  Valve 

Establiah  a monthly  FMS  requirement 
to  open  and  inapact  firapump  awing 
ohec)(  valvee  on  turbine  driven 
fi repumps  4 

Failure  of  the  swing  check 
valve  usually  rasults  in 
serious  damaga  to  tha  motor 
or  turbine. 

Auxiliary  Machinery 
Cooling  Water  Puitpa 

Change  the  periodicity  of  the  annual 
open  and  Inepect  PHS  chac)t  to  a 
situation  requirement 4 

Tha  pump  intarnala  will  be 
Inapeotad  when  opened  for 
corrective  maintenance. 

Induatrlel  Facility  Improvamenta 

Nona 

IMA  improvamenta 

None 

Integratod  Loglatlc  Support  (ILS)  Requlremenba 

Engine  Lathe 

Have  individual  ahipa  ta)<a  the  neces- 
sary steps  to  ensure  that  the  as- 
rignad  lathe  operators  are  qualified 
in  the  operation  and  maintenance  of 
the  equipment 4 

A workable  lathe  with  a 
qualified  operator  la  furid- 
amantal  to  the  Ship's  Force 
repair  effort. 

Provide  DDG-39  with  a lathe  capable 
of  accommodating  the  impeller  diam- 
eter of  the  largest  Installed 
centrifugal  pump4 

A laths  with  a minimum  10" 
swing  la  required. 

Centrifugal  Pump 

Provide  Ship's  Force  with  a suitable 
Centrifugal  Pump  Repair  Manual. 

The  organlaatlonai  level 
maintenance  effort  will  ha 
improved. 

Provide  suitable  ball  bearing  heater 
ovenfls 

Bull  bearing  ramoval  and 
reinatallation  procedures 
will  be  standardised. 

Motor  and  Turbina 

Driven  Firapump 

Provide  APL  016021445  to  all  ahipa 
with  stainleas  steel  pumpi  and 
ensure  that  shipboard  ailowances  for 
aparo  parte  are  adequate. 

Ship  visits  indiostad  that 
ahipa  with  stainless  steel 
pumps  did  not  have  the 
correct  APLs. 

Change  the  material  requirements  for 
the  impeller  wearing  rings  of  the 
flrepumpa  supported  by  APL  016020494 
from  StainlesB  Steel  class  303  to 
monel,  gt-N-288,  composition  B or  D. 

Currently  stocked  impeller 
wearing  ring  li  not  suitable 
for  salt  water  applicationi . 

Assign  an  NSN  to  the  monel  impeller 
wearing  ring,  and  revise  APL 

016020494  accordingly. 

A monel  impeller  wearing 
ring  will  be  leas  subject  to 
oorroelon  than  the  currently 
stocked  stainleas  atari  one. 

FI  repump  Swing  Chec)< 
Valve 

Conduct  a COSAL  validation  to  ensure 
that  the  inatallod  firepump  swing 
uheck  valves  are  supportad  by  the 
proper  APL. 

Preaint  COSALs  do  not  always 
include  the  Inatallad  awing 
check  valves. 

Auxiliary  Machinery 
Cooling  Water  Pump 

Add  NSN  9C-4320-00-541-B843,  impeller 
wearing  ring,  to  APL  016110076,  with 
an  allowance  for  twn  on-board  spares. 

The  Impeller  wearing  ring  is 
not  listed  on  the  APL  fur 
the  pump. 
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CHAPTER  ONE 


INTRODUCTION 


1.1  BACKGROUND 

In  support  of  the  Destroyer  Engineered  Operating  Cycle  (DDEOC)  Program, 
sponsored  by  NAVSEA  934X,  System  Maintenance  Analyses  (SMAs)  are  being  con- 
ducted on  selected  systems  and  subsystems  of  program-designated  surface 
combatants.  The  principal  element  of  an  SMA  is  the  Review  of  Experience 
(ROE) . This  report  documents  the  ROE  for  the  DDG-37  Class  Firemain  and 
Auxiliary  Machinery  Cooling  Water  Systems,  which  were  specifically  selected 
for  analysis  because  equipments  of  those  systems  are  on  the  DDG-37  Class 
Maintenance  Critical  Equipment  List. 


1.2  PURPOSE  AND  SCOPE 

The  ROE  is  an  analysis  of  existing  and  anticipated  problems  that  affect 
the  operational  performance  or  maintenance  program  of  a ship  system.  The 
ROE  report  serves  as  a vehicle  for  assessing  the  significance  and  conse- 
quences of  identified  maintenance  problems.  It  also  presents  specific 
recommendations  and  a system  maintenance  policy  that  will  prevent  or  reduce 
the  impact  of  problems  while  improving  material  condition  and  maintaining 
or  increasing  system  availability  through  an  extended  ship  operating  cycle. 

The  analysis  documented  herein  is  specifically  applicable  to  the  Fire- 
main  and  Auxiliary  Machinery  Cooling  Water  Systems  Installed  on  the  DDG-37 
Class.  Only  those  system  components  that  had  been  installed  or  were  on 
board  ship  as  of  the  fourth  quarter  of  Fiscal  Year  1976  were  considered. 

The  analysis  used  all  available  documented  data  sources  from  which  system 
maintenance  problems  could  be  identified  and  studied.  These  included  Main- 
tenance Data  System  (MDS)  data.  Casualty  Reports  (CASREPs) , and  system 
overhaul  records,  in  addition  to  Planned  Maintenance  System  (PMS)  require- 
ments data,  system  alteration  documentation,  and  system  technical  manuals. 
Sources  of  undocumented  data  employed  in  this  analysis  Included  discussions 
with  Ship's  Force  and  other  cognizant  technical  personnel. 
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1.3  SYSTEM  FUNCTION  AND  BOUNDARIES 


The  Flremaln  System  on  the  ODG-37  class  supplies  sea  water  at  125  psig 
for  the  flremaln,  magaslne  sprinkling  system,  flushing  system  and  decon- 
tamination stations  in  the  ship's  heads,  main  and  secondary  eductors, 
ballasting  and  deballasting  system,  and  emergency  cooling  for  various 
electronic  and  auxiliary  machinery  cooling  systems.  In  this  analysis  only 
those  components  of  the  Flremaln  System  which  were  significant  contributors 
to  the  overall  system  maintenance  burden  were  considered.  Appendix  A shows 
a typical  DDG-37  Flremaln  System  (Figure  A-1)  and  lists  the  components  that 
were  Identified  for  analysis  (Table  A-1) . The  Individual  systems  serviced 
by  the  flremaln  were  not  subjected  to  detailed  analysis  since  they  are  part 
of  separate  systems  not  addressed  by  this  ROE. 

The  Auxiliary  Machinery  Cooling  Water  System  on  the  DDG-37  class  sup- 
plies sea  water  at  50  pslg  for  various  steam-driven  auxiliary  machinery 
lube  oil  coolers t air  compressor  air  coolers)  auxiliary  gland  leak-off 
condensers)  boiler  water  sample  coolers)  and  cooling,  lubricating,  and 
flushing  of  the  stern  tube  bearing.  In  this  analysis  only  those  components 
of  the  Auxiliary  Machinery  Cooling  Water  System  which  were  significant 
contributors  to  the  maintenance  burden  were  considered.  Figure  A-1  of 
Appendix  A Includes  a diagram  of  a typical  DDG-37  Auxiliary  Machinery 
Cooling  Water  System.  It  also  shows  the  Interface  between  the  two  systems 
under  study  and  the  emergency  supply  from  the  flremaln  to  the  auxiliary 
machinery  cooling  water  main.  The  Individual  heat  exchangers  for  particular 
equipments  that  are  cooled  by  the  jystem  are  not  Included  In  this  ROE  but 
are  covered  In  the  ROE  for  the  specific  equipment  Involved. 


1 . 4 REPORT  FORMAT 

The  remaining  chapters  of  this  report  describe  the  analysis  approach 
utilized  (Chapter  Two) , briefly  define  significant  system  maintenance  prob- 
lems encountered  and  discuss  potential  problem  solutions  (Chapter  Three)  , 
and  summarize  conclusions  and  recommendations  derived  from  the  analysis 
(Chapter  Four) . Specific  analyses  and  evaluations  supporting  the  results 
of  this  effort  and  Included  as  appendixes  to  this  report.  A selected  list 
of  references  precedes  the  appendixes. 
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CHAPTER  TMO 


APPROACH 


Primary  data  sources  used  In  performing  the  ROE  for  the  Flremaln  and 
Auxiliary  Machinery  Cooling  Water  Systems  are  Identified  In  Section  1.2. 

The  data  were  used  to  Identify,  define,  and  analyze  maintenance  problems 
that  will  significantly  affect  the  systems'  maintenance  program.  A 
recommended  course  of  action  relative  to  the  maintenance  program  was 
formulated  on  the  basis  of  the  analysis  results. 

The  analysis  began  at  the  component  level  at  which  Allowance  Parts 
List  (APL)  numbers  are  assigned.  It  comprised  the  following  major  steps 
as  described  In  Sections  2.1  through  2.3t 

• Compiling  relevant  documented  and  undocumented  maintenance  history 

data 

• Analyzing  these  data  to  identify  and  define  maintenance  problems 
expected  to  have  significant  Impact  on  maintenance  of  the  systems 

• Recommending  a specific  course  of  action  for  solution  of  the  system 
maintenance  problems 


2.1  DATA  COMPILATION 

The  analysis  began  with  the  compilation  of  data  on  the  maintenance 
history  of  the  systems.  The  data  file  generated  consisted  of  four  key 
elemental  an  MDS  data  bank,  a CASREP  narrative  summary,  a system  overhaul 
experience  summary,  and  a system  shipAlt  summary.  A library  of  appropriate 
technical  manuals,  bulletins,  etc.,  was  also  compiled.  All  MDS  data  re- 
ported for  the  DD(j-37  Class  from  1 January  1970  through  31  October  1976 
were  screened  for  information  pertinent  to  the  system.  Overhaul  experience 
was  obtained  from  Mechanized  Departure  Reports  for  the  DDG-37  Class. 
Continued  reference  was  made  to  all  of  the  noted  sources  throughout  the 
analysis. 


2.2  MAINTENANCE  PROBLEM  DEFINITION 

Potential  maintenance  problems  associated  with  the  systems  and  their 
components  were  identified  by  a screening  process  employing  data  obtained 
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from  the  above-described  sources  as  well  as  from  ship  surveys,  discussions 
with  ttavy  technical  personnel,  and,  when  appropriate,  NAVSEA  special 
interest  items. 

MDS  data  constitutes  the  initial  and  primary  source  of  information 
used  in  the  screening  process.  This  data  base  includes  all  part  and  labor 
records,  as  well  as  narrative  material,  describing  maintenance  actions 
reported  against  system  components.  Maintenance  actions  are  represented 
by  Job  Control  Numbers  (JCN) . The  purpose  of  the  first  step  in  the  screen- 
ing process  was  to  identify  the  maintenance  actions  that  had  been  reported 
against  components  of  the  systems  under  investigation. 

Computer-assisted  analysis  was  next  employed  to  quantify  the  man-hour 
and  part-expenditure  burdens  incurred  for  each  component.  These  calculations 
were  performed  not  only  for  the  selected  components  individually  but  also, 
as  appropriate,  for  each  generic  class  of  components.  Individual  components 
or  component  classes  that  had  contributed  significantly  to  the  systems' 
maintenance  burden  were  selected  for  the  analysis  described  below. 

Components  were  also  selected  for  this  purpose  if  they  had  generated  a 
significant  number  of  CASREPs  or  if  other  sources  of  information  (e.g., 
ship  surveys  or  overhaul  experience)  disclosed  significant  concern  regarding 
maintenance  problems  or  the  maintenance  programs  for  the  components. 

Detailed  analysis  of  the  selected  components  was  directed  toward 
defining  each  maintenance  problem  in  terms  of  several  specific  factors: 
the  effect  of  the  problem  on  the  component  and  system:  the  interval  between 
occurrences  of  the  problem,  the  redundancy  of  the  affected  component  within 
the  system,  the  criticality  of  the  component  to  the  system,  the  resources 
required  to  perform  the  maintenance  necessary  to  correct  the  problem,  and 
the  expected  component  or  system  downtime. 


2.3  ANALYSIS  OF  COMPONENT  MAINTENANCE  PROBLEMS  AND  DEFINITION  OF  SOLUTIONS 

Once  the  component  problems  and  the  causes  of  the  problems  were  iden- 
tified, solutions  were  sought  by  examining  each  problem  in  relation  to  the 
extent  to  which  it  is  recognized  and  its  susceptibility  to  established 
types  of  corrective  action.  These  analysis  criteria  can  be  expressed  by 
the  following  questions i 

* Is  the  problem  known  to  the  Navy  technical  community  and  has  a 
solution  been  proposed  or  established? 

* Will  a design  change  I'educe  or  eliminate  the  problem? 

* Is  the  problem  PMS-related?  Can  the  problem  be  reduced  or  elimi- 
nated by  changes  to  PMS?  (These  changes  might  include  adding  or 
deleting  requirements,  changing  periodicity,  or  developing  material 
condition  assessment  tests  and  procedures. ) 
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• Can  the  problem  be  reduced  or  eliminated  by  improving  Ship's  Force, 
Intermediate  Maintenance  Activity  (IMA) , or  depot-level  capabilities? 

• Can  the  problem  be  reduced  or  eliminated  by  periodically  performing 
restorative  maintenance?  Should  this  be  accomplished  at  a Selected 
Restricted  Availability  (SRA)  by  Ship's  Force,  IMA,  or  depot-level 
facilities? 

• IS  the  run-to-failure  concept  a viable  maintenance  strategy  for  the 
associated  equipment. 

J 

An  affirmative  answer  to  any  question  resulted  in  analysis  of  the  effects  ^ 

of  the  solution  and  in  an  estimate,  when  possible,  of  the  cost  to  implement  i 

the  solution.  A negative  anawar  prompted  the  analyst  to  go  to  the  next 
question. 

The  historical  overhaul  experience  for  all  installations  of  each 
selected  component  was  then  correlated  with  the  recommended  problem  solu- 
tions. An  evaluation  was  made  to  establish  the  Baseline  Overhaul, intra- 
cycle,  and  follow-on  Regular  Overhaul  requirements  for  each  selected 
component . 
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CHAPTER  THREE 


ANALYSIS  RESULTS 


3.1  OVERVIEW 

Preliminary  analysis  of  the  MDS  data  resulted  in  the  identification  of 
10  system  components  that  warranted  detailed  analysis.  The  MDS  maintenance 
burden  data  for  these  components  are  summarized  in  Table  3-1. 

A review  of  part  replacement  histories  identified  those  replacement 
parts  within  the  selected  components  requiring  further  analysis.  Pertinent 
data  for  these  parts  are  summarized  in  Table  3-2.  CASRBP  analysis  sup- 
ported the  MDS  data  analysis  performed  to  define  repetitive  or  significant 
maintenance  actions.  Appendix  B summarizes  the  CASREPs  reported  against 
the  equipments  of  the  Piremain  System  and  indicates  the  percentage  of  total 
system  CASREPs  attributed  to  each  equipment,  as  well  as  the  types  of  fail- 
ures experienoed.  Ship  surveys  and  discussions  with  Navy  technical  code 
personnel  confirmed  the  existence  of  maintenance  problems  disclosed  by  the 
analysis  and  identified  a supply  support  problem  related  to  wearing  ring 
material. 

The  following  10  system  components  were  subjected  to  detailed  analysis 
because  of  significant  Intracycle  maintenance  experience) 

• Firemain  System 

* • Firepump  (APL  016020494) 

••  Firepump  (APL  016020528) 

••  Firepump  Motor  (APL  174750564) 

••  Firepump  Turbine  (APL  057950042) 

**  Firepump  Turbine  Regulator  (APL  882260195) 

•*  Firepump  Turbine  Regulator  (APL  882260469) 

••  Flexible  Coupling  (APL  782350005) 

••  4.0"  IPS  Swing  Check  Valve  (APL  882035712) 

• Auxiliary  Machinery  Cooling  Water  System 

• • Auxiliary  Machinery  Cooling  Water  Pump  (APL  016110076) 

*•  Auxiliary  Machinery  Cooling  Water  Pump  Motor  (APL  174750217) 


llfli  MBt' 
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TAble  3‘2.  PARTS  USAGE  SUMMARY  FOR  SELECTED  COMPONENTS  OP  DDG-37  CLASS  PtREHAtN  AND  AUXILIAHY  MACHINERY 
COOLING  WATER  SYSTEMS 

Part  Idantlfloatlon 

Currant 
cost 
pat  Unit 
(Dollars) 

— 

Quantity 

par 

Componant 

Total  Part 
Population 

Numbar 

Raplacad 

Ratio 
(X  100)  of 
Parta 
Raplaoad 
to  Total 
Population 

Numbar  of 
Shlpa 
Raportad 

NBN 

Nomanclatura 

Piranaln  Syitam 

Fltapunp,  APL  0160204»4/0160aOS38 

9t  )110-00-a«4<0S7S 

Thruat  Baarlna 

39.74 

1 

60 

239 

MM 

10 

» 31ia-00-lSS-61«0 

Baarlng 

9.94 

1 

60 

319 

KiU 

10 

«C  43a0-OO-341»9O6S' 

Impallar  Waarlng  Ring 

6086 

2 

120 

196 

10 

9C  4320*00-941-9064' 

Caalng  Maarlng  Ring 

17.99 

2 

120 

335 

IBS 

10 

9C  4320-00-479-8662 

Inpallar  Waarlng  Ring 

22.1s 

2 

120 

73 

61 

9 

9C  4320-00-479-0861 

Caalng  Waarlng  Ring 

91.92 

120 

90 

43 

9 

9C  4320-00-493-2013 

Rotor  Asionbly 

6907.68 

12 

20 

6 

9C  4320-00-629-6917 

Slaava 

87.94 

136 

330 

10 

9C  4330-00-629-6918 

Slaava 

101.93 

190 

250 

10 

90  4330-00-941-9061 

Dofloctor 

12.  SB 

^HrlS^^B 

29 

24 

10 

lHM4320-00-766-a010 

shaft 

988.00 

^IbIIB 

225 

375 

10 

Flrapunp  Motor, 

APL  174790964 

98  3110-00-199-6366' 

Baarlng 

7.16 

1 

40 

139 

34B 

10 

98  3110-00-193-6303' 

Baarlng 

19.81 

1 

40 

119 

29B 

1(3 

Flrapunp  Turbina 

, APL  097990043 

lHM2a29-00-097-1710 

Carbon  Paoklng 

a 

190 

214 

114 

10 

lHH2a29-00-a61-673n 

Shaft  Baarlng  Aaaanbly 

3 

40 

93 

131 

9 

lHM28a9-O0-3e3-6731 

Baarlng  011  Baal 

mst 

3 

60 

IB 

1 

30 

B 

rirapunp  Turbina  Kaoulator,  APL  682360199 

90  4830-00-446-3403 

Diaphragm 

36.08 

1 

BM 

mm 

350 

bbbi 

90  4620-00-036-1926 

Maadla  Valva  Aaaanbly 

9.19 

67 

K 4830-00-036-1916 

Valva  Platon 

33. 3B 

17 

90  4820-00-388-1329 

Platon  Ring 

4.2s 

61 

HDH 

rlrapump  Turbina  Ra«u 

lator,  APL 

862360469 

90  4820-00-446-3403 

Diaphragm 

36.08 

mm 

BUU 

6 

300 

1 

90  4820-00-036-1916 

Valva  Platon 

33.38 

350 

1 

9C  4820-00-268-1229 

Platan  Ring 

4.25 

^bb 

479 

I 

2H  4320-00-023-6260 

Ragulator 

2030.00 

90 

1 

90  4820-00-036-1932 

M«ln  V«lv«  Disc 

39.10 

BUB 



■1 

200 

1 

Flaxlbla  Coupling 

, APL  763390009 

9C  3010-00-239-3440 

Flaxlbla  coupling 

109.20 

1 

1 

60 

19 

60 

0 

4.0"  IPS  Swing  Chock  Valva,  APL 

683039712 

IH  4820-00-086-9940 

Chaok  Valva 

283.00 

1 

30 

1 

10 

2 

'Thli  MaN  wai  raplaoad  by  N8N  90  4320-00-479- 

6862,  (ffaetiv.  3/73  (...  T.bl.  3- 

6). 

'Thla  N8N  waa  raplacad  by  N8N  90  4320-00-479- 

6861,  affoctlv*  3/73  (.«.  T.bl.  3-6). 

This  N6N  is  llitvd  on  APL  1747S0564  d4t«d  08/06/74  but  not  on  tht 

sanis  APL  ditad  03/01/76  (sao  Sactlon  I 

3.3.3.41. 

.M-„J 

) (oontinuad) 
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Tabie  3-3.  (continued) 


Ftrt  idcntlflaatlon 


NoiMnelntura 


'coVt"' 


Total  Fart  Hunbar 
Fopulatlon  Raplactd 


Ratio 
(X  100)  of 
Farta 
Raplaoad 
tu  Total 
Population 


Nunbar  of 
Ihlpa 
Rtportad 


auxiliary  Naohlnary  Coollno  Hatar  Syatam 
auxiliary  Maeiilnary  cooling  Matar  Pump,  aPL  016110076 


K 4330-00>6‘t).-f643'' 

Inpollir  Wtaring  Ring 

6.41 

3 

30 

97 

485 

10 

K 4330-00-341-6643 

Cxitng  Moating  Ring 

9.6a 

3 

30 

106 

330 

10 

K 4130-00-191-34a6 

Blaava 

36.61 

1 

30 

39 

140 

10 

M 4330-00-119-3366 

Daflaotor 

6.76 

1 

30 

IS 

75 

9 

lHM4330-00-633-3R4a 

inpallar 

439.00 

1 

30 

11 

35 

7 

Auxllltyy  Hxohlnxry  Cooling  Hator  Pump  Motor,  XPL  174730317 

96  3110-00-133-6393 

■•aring 

10.36 

1 

30 

105 

335 

10 

96  3110-00-133-6303 

B««rlng 

13.61 

1 

20 

106 

330 

10 

3mi6103-00-384-1771 

Rotor 

1060.00 

1 

20 

4 

30 

3 

3HH6109-00- 300-3444 

3033.00 

1 

20 

1 

3 

1 

I "curxantly  not  llatad  '>n  the  aPL  lata  Raotlon  i.J.1.3), 


Th«  flrcpump  aupported  by  APL  016020528  la  Identical  to  the  firepump 
auppoiTted  by  APL  016020494  except  that  ita  discharge  flange  la  1"  thick 
rather  than  5/8"  thick.  Therefore , In  thia  ROE  all  MOS  data  for  the  flre- 
pvunp  supported  by  APL  016020528  have  been  Included  with  APL  016020494. 

These  ayatema  and  their  respective  selected  components  are  discussed  In 
detail  In  the  following  seotlons  of  this  chapter. 

3.1.1  Maintenance  Support 

Several  problems  related  to  the  maintenance  support  of  the  Fi  remain 
and  Auxiliary  Machinery  Cooling  Water  .Systems  were  Identified.  Since  these 
problems  also  have  an  impact  on  other  DDG-37  class  systems,  they  are  dls- 
cussed  below.  The  recommendations  made  will  resolve  similar  support  prob- 
lems for  all  affected  systems. 

3. 1.1.1  Engine  Lathee  Installed  on  DDG-37  Class  Ships  ,, 

An  operable  lathe,  complete  with  attachments,  and  a qualified  operator 
are  essential  to  centrifugal  pump  maintenance  at  the  organisational  level. 
Ship  visit  ,1  and  discussions  with  NAVSEC  codes  Indicated  that  on  the  typical 
DDG-37  Class  ship  the  Installed  lathe  did  not  have  all  Its  attachments  and 
was  not  In  good  working  order,  and  only  one  qualified  operator  was  on  board. 

Table  3-3  lists  the  lathes  currently  Installed  on  the  DDG-37  Class 

ships . 

The  APLs  for  the  lathes  listed  In  Table  3-3  Indicate  that  the  lathes 
are  furnished  con^plete  with  all  attachments  except  cutters  and  tool  bits, 
which  are  furnished  by  AEL  1-911154261.  This  ABL  Is  applicable  to  all 
DDO-37  Class  ships. 
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Table 

3-3.  ENGINE  LATHES 

INSTALLED  ON  DDG-37  CLASS  SHIPS 

Hull 

Number 

Lathe  APL 

Swing 

Manufacturer 

DDG-37 

410350001 

16.5" 

Springfield  Machine  Tool  Company 

DDG-38 

410350001 

16.5" 

Springfield  Machine  Tool  Company 

DDG-39 

410470057 

8.5" 

Lodge  and  Shipley  Company 

DDG-40 

410830027 

15.0" 

Sheldon  Machine  Company 

DDG-41 

410320084 

17.0" 

Amnted  Industries  Inc.,  South 

Bend  Lathe  Division 

DDG-42 

410350001 

16.5" 

Springfield  Machine  Tool  Company 

DDG-43 

410980003 

13.0" 

LeBlond,  Inc. 

DDG-44 

410830027 

15.0" 

Sheldon  Machine  Company 

DDG-45 

410350001 

16.5" 

Springfield  Machine  Tool  company 

DDG-46 

410830026 

15.0" 

Sheldon  Machine  Company 

A r«vlevr  of  th«  centrifugal  pumps  Installed  on  000-37  class  ships 
revealed  that  the  two-stage  main  condensate  and  main  feed  booster  pump 
rotors  have  the  largest-dlameter  impellers,  at  18>5"  and  14.5",  respectively. 
Therefore,  the  largest  swing  (radius)  required  to  machine  all  centrifugal 
pumps,  including  firopumps  and  Auxiliary  Machinery  Cooling  Water  Pumps, 
on  the  DDG-37  Class  would  be  one-half  of  18.5",  or  approximately  10"  with 
an  allowance  for  lathe  clearance.  As  shown  In  Table  3-3,  all  OOG-37  Class 
ships  except  000-39  have  lathes  with  swings  in  excess  of  10".  ODG-39 
could  turn  all  installed  centrifugal  pump  rotors  except  the  main  condensate 
pump  rotors,  while  all  the  other  DOG-37  Class  ships  could  turn  all  installed 
centrifugal  pump  rotors. 

The  capability  to  turn  a centrifugal  pump  rotor  is  necessary  for  the 
proper  replacement  and  cutting  to  size  of  the  impeller  wearing  rings  on 
centrifugal  pumps.  Casing  wearing  rings  are  normally  smaller  than  the 
Impeller  of  the  same  centrifugal  pump.  Therefore,  the  Impeller  diameter 
determines  the  minimum  swing  required  of  a ship's  lathe. 

The  following  specific  maintenance  actions  applicable  to  centrifugal 
pumps  cannot  be  accompliched  without  an  operable  lathe  and  a qualified 
operator  t 

* Wearing  ring  replacement  (both  casing  and  impeller) 

* Proper  ball  bearing  fit-up  if  shaft  or  bearing  housing  dimensions 
are  out  of  specification 
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• Flexible  coupling  replacement 

• Pump  and  motor  shaft  replacement  or  repairs 

The  following  actions  are  recommended t 

• All  the  lathes  installed  on  DDO-37  Class  ships  should  be  inspected 
and  repaired  as  necessary  at  BOH  and  each  follow-on  ROH  to  ensure 
that  they  are  in  good  working  order  and  that  all  attachments  and 
accessories  are  available. 

• Individual  ships  should  take  the  necessary  steps  to  etisure  that  the 
assigned  lathe  operators  are  qualified  in  the  operation  and  main- 
tenance of  the  equipment. 

• DDG-39  should  be  provided  with  a lathe  capable  of  accommodating 
the  in\peller  diameter  of  the  largest  installed  centrifugal  pump. 

A lathe  with  a swing  greater  than  10"  is  recommended. 

3. 1.1. 2 Technical  Documentation 

Centrifugal  firepump  overhauls  are  currently  being  accomplished  by 
Ship's  Force  and  IMA  personnel  using  different  manuals.  At  the  IMA  level 
the  pumps  are  being  overhauled  by  maintenance  personnel  using  preliminary 
versions  of  a Shop  Procedures  Manual  for  Centri fugal  Pump  Repair  that  was 
prepared  for  PMS  306  in  support  of  the  Shop  Qualxflcation  Improvement 
Program  (SQIP).  The  manual,  Intended  for  IM^  personnel  only,  covers  all 
aspects  of  centrifugal  pump  repair,  including  bearing  removal  and  renlace- 
ment.  Ship's  Force  personnel  are  using  only  the  manufacturer's  technical 
manual,  which  is  less  comprehensive  and  does  not  provide  the  required 
detailed  procedures. 

A manual  similar  to  the  Shop  Procedures  Manual  has  been  prepared  for 
the  COMNAVSURPIANT  Centrifugal  Pump  Overhaul  Training  Team.  This  manual. 
Centrifugal  Pump  Repair,  Volume  I,  is  currently  in  reviews  it  covers  all 
aspects  of  centrifugal  pump  repair. 

A third  manual.  Bearing  Handling  and  Maintenance  for  Extended  Oper- 
ating Cycle,  is  currently  being  written  for  NAVSEC  6107.  Designed  specif- 
ically for  Site  Teams  and  IMAs,  it  covers  the  procedures  to  be  used  in  the 
removal  and  installation  of  NT-3  (noise-tested)  bearings  in  electric  motors 
on  submarines. 

Information  from  all  three  of  these  manuals  is  applicable  to  centrif- 
ugal pump  repair  at  the  shipboard  level,  especially  in  the  areas  of  in- 
spection, measurement,  and  repair  techniques.  A comprehensive  centrifugal 
pump  repair  manual  that  combines  all  of  the  information  in  those  previously 
described  should  be  developed  and  made  available  at  the  organizational 
level  to  augment  the  manufacturers'  technical  manuals.  It  should  include 
procedures  for  all  aspects  of  centrifugal  pump  repair,  from  the  use  of 
the  shipboard  tag-out  procedures  to  the  final  quality  assurance  check 
when  the  pump  is  returned  to  service.  As  a minimum,  it  should  address 
wearing  ring  installation,  ball  bearing  fit-up  criteria,  ball  bearing 
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handling  and  installation  (including  the  use  of  ball  bearing  heaters) , 
alignment  (both  shaft  and  flange-to-flange  alignment) , and  proper  repair 
techniques  (Including  the  use  of  bench  rests,  precision  measuring 
Instruments,  and  Quality  Control). 

It  is  recommended  that  Ship's  Force  personnel  be  provided  with  a 
suitable  centrifugal  Pump  Repair  Manual  to  Improve  the  organizational- 
level  maintenance  effort. 

3. 1.1. 3 Electric  Motor  Winding  Insulation 

IMhs  are  currently  rewinding  motors  In  accordance  with  NAVSEA  0900- 
LP-060-2010,  Technical  Manual,  Electrical  Machinery  Repair,  Volume  I, 
Electric  Motor  Repairs.  This  was  developed  as  a "bench  type"  manual  for 
implementation  by  TVCOMs  In  IMAs.  The  information  and  procedures  are 
clearly  presented  and  are  easy  to  follow.  A visit  to  two  IMAs  revealed 
that  the  Shop  Qualification  Improvement  Program  (SQIP)  has  been  Instru- 
mental In  expanding  the  use  of  NAVSEA  0900-IjP-060-2010.  Excerpts  from  the 
technical  manual  are  being  used  routinely  in  the  Rewind  Quality  Assurance 
Program.  The  rewound  motors  resulting  from  this  procedure  have  drip-proof 
windings,  but  they  are  not  considered  adequate  to  provide  enough  protection 
from  the  hlgh-molsture  environment  of  pump  rooms,  engine  rooms,  and  fire- 
rooms,  In  an  effort  to  improve  the  existing  moisture-proofing  of  electric 
motors,  NAVSEC  Is  Investigating  the  use  of  a "sealed  insulation  system". 

"'his  new  system  uses  different  varnishes  and  a vacuum-pressure  Impregnation 
procedure  that  shows  promise  of  effectively  reducing  the  number  of  electric 
motor  rewinds  resulting  from  moisture  entering  the  windings.  The  detailed 
procedures  for  rewind  and  vacuum-pressure  impregnation  of  an  electric  motor 
are  n^<.  under  review  by  NAVSEC. 

Sealed-Insulation  electric  motor  rewinds  will  be  accomplished 
by  certified  dudustrlal  activities  within  the  next  calendar  year.  The 
certification  process  will  be  conducted  under  the  auspices  of  NAVSEC  and 
vlll  in jlude  such  tests  as  operating  a rewound  motor  under  water  (a  require- 
ment for  certification  only  and  not  a production  quality  control  test  due 
to  ,\ydrodynat  cc  force  conslderatlone) . A major  drawbac)c  to  full  implemen- 
tation of  the  sealed  insulation  system  is  the  problem  that  will  be  encoun- 
tered by  IMAs  in  attempting  a conventional  rewind  on  a motor  equipped  with 
the  sealed  insulation  system.  Conversations  with  NAVSEC  and  AD-38  Rewind 
Shop  pors'jnnel  indicate  that  conventional  burn-out-oven  procedures  for 
insulation  and  winding  removal  cannot  be  utilized  with  the  sealed  Insula- 
tion system.  Special  equipment  In  the  form  of  winding  cutters,  pullers, 
and  burners  will  be  required  If  IMAs  are  to  rewind  electric  motors  equipped 
with  a sealed  insulation  system.  NAVSEC  and  TYCOM  technical  codes  are 
In*  Bstlgatlng  procedures  and  special  equipments  required  to  provide  IMAs 
with  the  capability  to  remove  sealed  Insulation  system  windings  and  rewind 
electric  motors  using  conventional  procedures  and  insulation  when  a certi- 
xied  industrial  facility  is  not  available. 
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The  sealed  insulation  system,  when  implemented,  promises  to  be  an 
excellent  long-term  solution  to  the  high  rate  of  electric  motor  rewinds 
for  motors  subjected  to  high-moisture  environments.  It  is  therefore 
recommended  that  a procedure  be  developed  to  rewind  firepump  electric 
motors  utilizing  the  sealed  Insulation  system. 

3. 1.1.4  Ball  Bearing  Installation  Procedures 

Cognizant  technical  personnel  at  the  Naval  Ship  Research  and  Develop- 
ment Center  (NSRDC),  Annapolis,  Maryland,  currently  involved  in  ball  bearing 
failure-rate  testing  reported  that  the  quality  of  the  ball  bearings  cur- 
rently in  the  Navy  Supply  System  is  excellent.  It  appears,  then,  that 
other  factors  must  be  responsible  for  the  high  failure  rata.  NSRDC 
personnel  have  indicated  that  the  most  important  factors  arei 

• Improper  ball  bearing  installation  procedures 

• Noncompliance  with  ball  bearing  fit-up  criteria 

• Misalignment  of  the  pump/motor  shaft 

IMAs  are  installing  ball  bearings  in  rewound  electric  motors  in  accordance 
with  NAVbEA  0900-LP-060-2010,  Technical  Manual  for  Electrical  Machinery 
Repair,  Volume  I,  Chapter  1,  Sections  6 and  7.  According  to  technical 
personnel  at  NAVSEC  and  NSRDC,  Annapolis,  Maryland,  the  procedures  and 
fit-up  criteria  used  in  bearing  replacement  on  electric  motors  are  ap- 
plicable to  most  centrifugal  pump  applications  as  wall. 

Discussions  with  Ship's  Force  personnel  indicated  that  bearing  removal 
and  installation  practices  varied  greatly  from  ship  to  ship  depending  on 
the  experience  of  the  individual  performing  the  maintenance.  Neither 
bearing  heaters  nor  bearing  presses  are  normally  available  on  DDG-37  class 
ships.  Consequently,  bearings  are  being  preheated  in  galley  ovens  or 
with  torches.  Bearings  that  are  not  preheated  are  normally  tamped  on  with 
brass  stock  being  used  as  a buffer. 

A section  of  the  recommended  Centrifugal  Pump  Overhaul  Manual  should 
be  devoted  to  standardizing  specific  procedures  to  be  employed  by  Ship's 
Force  in  ball  bearing  removal,  handling,  storage,  and  installation. 

It  is  recommended  that  the  following  actions  be  taken t 

• Provide  Ship's  Force  maintenance  personnel  with  suitable  ball 
bearing  heaters. 

• Ensure  that  a section  of  the  recommended  Centrifugal  Pump  Overhaul 
Manual  contains  a section  on  ball  bearing  removal  and  replacement. 

3.1.2  General  Centrifugal  Pump  Maintenance  Strategy 

Conversations  with  cognizant  shipboard  maintenance  personnel  revealed 
that  many  of  the  normal  repair  actions  on  centrifugal  pumps  can  be 


accomplished  by  Ship's  Force  personnel.  Specific  repairs  that  normally 
cannot  be  accomplished  by  these  personnel  include  the  following: 

• Pump  casing  repairs 

• Pump  shaft  manufacture 

• Pump  motor  balancing 

• Electric  motor  rewind 

• Electric  motor  shaft  manufacture  or  replacement  (a  press  is 
required  to  remove  and  replace  the  rotor) 

■ Steam  turbine  wheel  repairs  and  balancing 

These  repairs  to  the  Pj remain  and  Auxiliary  Machinery  Cooling  Water 
Systems  can  be  accomplished  by  either  depot  or  IMA  maintenance  personnel. 
Full-scale  Class  "B"  overhauls  of  steam  turbines  can  be  performed  by  IMAs, 
but  depot-level  Industrial  activities  are  preferred  since  they  are  better 
suited,  having  better-equipped  facilities  and  mure  experienced  personnel. 

It  is  recommended  that  all  Firemain  and  Auxiliary  Machinery  Cooling 
Water  System  maintenance,  except  for  overhaul  of  the  firepump  turbines,  be 
accomplished  at  the  organizational  and  IMA  levels.  Firepump  turbine  over- 
haul should  be  accomplished  at  a depot-level  industrial  activity. 


3 . 2 FIREMAIN  SYSTEM 

The  DDG-37  Class  Firemain  System  contains  six  500-gallon-per-minute 
(gpm)  single-stage,  horizontal  centrifugal  pumps  — four  electric-motor- 
driven  and  two  steam-turbine-driven.  Figure  A-1  of  Appendix  A is  a line 
diagram  of  the  typical  DDG-37  Firemain  System  showing  the  pumps,  their 
location,  and  how  they  are  numbered.  Table  3-4  identifies  the  type  of 
driver  and  location  of  the  flrepumps  of  the  Firemain  System. 


Table  3 

-4.  DDG-37  CLASS  FIREPUMP  DRIVERS  AND  LOCATIONS 

Pump 

Number 

Driver 

Location 

1 

Motor 

No.  1 Pump  Room  (Forward  Pump  Room) 

2 

Turbine 

No.  1 Fire  Room  (Forward  Fire  Room) 

3 

Motor 

No.  1 Engine  Room  (Forward  Engine 

Room  or  Main  Control) 

4 

Turbine 

No.  2 Fire  Room  (After  Fire  Room) 

5 

Motor 

No.  2 Engine  Room  (After  Engine  Room) 

6 

Motor 

No.  2 pump  Room  (After  Pump  Room) 

15 


3.2.1 


Program 


A DART  Management  Program  for  firepump  improvement  was  implemented 
in  July  1971.  The  principal  problems  associated  with  the  firepumps  were 
identified  as  erosion  and  corrosion  of  the  cast  gun-metal  pump  casings. 

As  a result  of  the  DART  Program,  steps  were  taken  to  reduce  these  problems 
by  procuring  stainless  steel  casings  and  revising  the  military  specifica- 
tion for  future  procurements  of  centrifugal  pumps.  The  revised  material 
specifications  for  salt  water  firepump  manufacture  are; 

* Casings  and  impellers  of  stainless  steel 

* Casing  wearing  rings  of  monel 

* Ringless  impellers 

* Mechanical  seals 

Appendix  C provides  a comparison  of  the  original  firepump  specification 
and  the  specification  that  was  modified  as  a result  of  the  DART  Program 
(MIP-P-1739D) . 

To  date,  only  8 of  60  DDG-37  Class  firepumps  have  stainless  steel 
casings  installed,  and  the  degree  of  pump  reliability  improvement  achieved 
through  the  DART  Program  has  yet  to  be  determined.  These  eight  pumps  are 
nearly  identical  to  the  Warren  Type  -3  DBH-10  except  that  the  pump  casings 
are  made  of  stainless  steel,  and  they  are  supported  by  AFL  016021445. 

Table  3-5  lists  the  ships  having  stainless  steel  firepump  casings. 


table  3-5.  STAINLESS  STEEL  FIREPUMP  CASINGS  (APL  016021445) 


Hull 

Number 

Quantity 

Pump 

Number 

Date  Installed 

DDG-38 

1 

Unknown 

March  1975 

DDG-39 

1 

3 

June  1976 

DDG-40 

1 

Unknown 

September  1975 

DnG-42 

1 

Unknown 

June  1975 

DDG-44 

2 

3 and  5 

May  1975  and  April  1976 

DDG-46 

2 

Unknown 

February  1976  and  November  1976 

Visits  to  three  DDG-37  Class  ships,  two  of  which  had  the  new  stainless 
steel  pumps  Installed,  revealed  that  only  one  of  the  ships  had  the  correct 
APL  for  the  new  pump.  Two  ships  were  repfjrting  maintenance  data  for  the 
stainless  steel  pumps  under  the  old  APL  (016020494)  for  the  cast  gun- 
metal  pump  casing.  No  MDS  data  had  been  reported  against  AFL  016021445 


for  the  stainless  steel  pumps  as  of  20  October  1976.  Ship's  Force 
personnel  operating  the  new  pumps  reported  that  during  the  limited 
period  of  operation,  the  pumps  seemed  to  be  reliable  and  required  little 
maintenance . 

It  is  recommended  that  APL  016021445  be  provided  to  all  ships  with 
stainless  steel  flrepumps  and  that  steps  be  taken  to  assure  that  shipboard 
allowances  for  spare  parts  are  adequate. 

3.2.2  warren  Type  -3  DBH^IO  Firepump 

3. 2. 2.1  Background 

The  Warren  Type  -3  DBH-10  firepump  is  a horizontal,  centrifugal,  split- 
casing volute  unit  equipped  with  a double  suction  impeller,  external  grease- 
lubricated  ball  bearings  and  internal  water- lubricated  sleeve  bearings.  The 
pump  is  supported  by  APL  016020494.  It  can  be  driven  by  either  a steam 
turbine,  supported  by  APL  057950042,  or  an  electric  motor,  supported  by 
APL  174750564,  depending  on  the  particular  configuration  of  the  pump. 

Torque  is  transferred  from  driver  to  pump  via  a flexible  coupling  manu- 
factured by  the  Falk  Corporation  and  supported  by  APL  782350005. 

All  fi.repumps  installed  on  the  DDG-37  Class  are  normally  started  and 
stopped  manually.  This  can  be  accomplished  remotely  for  flrepumps  1,  3, 

5,  and  6 (all  electric-motor-driven) . Numbers  2 and  4 use  600  psl  auxiliary 
steam  as  a prime  mover,  and  their  operation  requires  that  a main  boiler  be 
steaming.  Since  they  are  turbine-driven,  they  must  be  started  and  stopped 
locally.  Flrepumps  3 and  5 are  equipped  with  an  automatic  start  feature 
that  is  actuated  by  a flow  switch  in  the  piping  of  the  Terrier  missile 
Ijoostsr  suppression  system.  If  a fire  started  in  the  missile  magazine  and 
the  automatic  booster  suppression  system  went  into  operation,  the  firemain 
pressure  would  drop  significantly  because  of  the  increased  flow  of  the 
firemain  to  the  booster  suppression  nozzles.  The  flow  switches  in  the 
system  would  sense  the  flow  and  automatically  start  flrepumps  3 and  5, 
which  would  augment  the  firemain.  If  firep'omps  1,  2,  4,  or  6 had  to  be 
started  manually,  there  would  be  an  attendant  loss  of  time  to  bring  the 
firemain  pressure  up.  The  automatic-start  capability  of  flrepumps  3 and  5 
therefore  plays  a critical  role  in  the  security  of  the  missile  magazine 
and,  ultimately,  the  ship  itself. 

Conversations  with  three  DDG-37  Class  ship  Engineer  Officers  Indicated 
that  the  steam-turbine-driven  flrepumps  (2  and  4)  are  normally  operated 
when  the  ship  is  either  under  way  or  moored  and  steaming  auxiliary.  The 
electric-motor-driven  firepumps  (1  and  6)  located  in  normally  unmanned 
pump  rooms  are  reserved  for  emergency  in  port  use  only  and  as  a i:esult  are 
operated  sparingly.  The  electric-motor-driven  flrepumps  in  the  engine 
rooms  (3  and  5)  are  operated  primarily  in  port  or  as  a back-up  when  the 
ship  is  under  way  and  either  the  No.  2 or  No.  4 turbine-driven  firepump  is 
out  of  commission  for  repairs  of  PMS  checks.  As  a result,  flrepumps  3 and 
4 are  operated  more  than  the  other  firepumps. 
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Normal  operating  procedure  dictates  that  a minimum  of  two  firepumps 
be  on  the  line  at  all  times.  Some  ships  report  being  able  to  maintain  125 
psig  on  the  flremain  with  only  one  pump,  but  this  is  more  the  exception 
than  the  rule.  The  Ship's  Information  Book  (SIB)  for  DDG-37  Class  ships 
ISIB,  DLG-B  (DDG-40),  NAVSHIPS  0905-475-4010,  Volume  1]  has  a table  of 
"sample  firepump  combinations  with  missiles  aboard"  showing  various  fire- 
pump  combinations  that  can  be  used  during  various  material  conditions  of 
readiness.  The  SIB  places  no  reetrlotion  on  the  underway  operation  of 
firepumps  1 or  6.  In  actual  practice,  the  provisions  of  the  SIB  are  not 
being  followed,  as  indicated  by  the  Engineer  Officers  of  all  three  DDG-37 
Class  ships  visited.  They  stated  that  because  of  their  location,  they  did 
not  operate  firepump  1 or  6 while  the  ship  was  under  way  for  fear  that  the 
pitching  of  the  ship  In  a seaway  could  cause  a loss  of  suction  to  the  pumps 
and  thus  damage  the  Internal  parts. 

Further  investigation  revealed  that  the  sea  chest  providing  sea  suction 
for  firepump  1 is  located  at  approximately  frame  16  and  Is  near  the  forefoot 
of  the  hull.  In  a heavy  seaway,  accompanied  by  the  pitching  motion  of  the 
bow.  It  is  possible  that  this  pump  could  lose  suction  because  of  (1)  emer- 
gence of  the  sea  chest  or  (2)  hydrodynamic  flow  separation  in  the  vicinity 
of  the  sea  chest.  However,  this  possibility  is  considered  minimal  since 
the  Mo.  1 firepump  sea  cheat  is  shared  with  the  suction  line  from  the  Mo.  1 
Emergency  Diesel  Generator  Salt  Water  Circulating  Pump  and  the  Emergency 
Diesel  has  no  restriction  against  operating  in  heavy  weather  conditions,  if 
necessary,  to  provide  emergency  power. 

Similarly,  the  sea  chest  providing  sea  suction  for  flrepvunp  6 is 
located  at  approximately  frame  191  and  is  in  the  stern  cut-away  section 
of  the  hull.  It  is  shared  with  the  suction  line  from  the  Mo.  2 Emergency 
Diesel  Generator  Salt  Water  Circulating  Pump.  This  Emergency  Diesel 
Generator  la  also  designed  to  operate  without  restriction  in  heavy  weather 
conditions,  if  necessary,  to  provide  emergency  power.  The  No.  6 firepumps 
on  all  DDG-37  Class  ships,  except  DDG-43  and  DDG-44,  are  provided  with  a 
wet  vacuum  pump  and  priming  valve  for  priming  the  pump  on  start-up.  This 
arrangement  also  affords  a measure  of  protection  against  loss  of  suction 
when  the  ship  backs  down  since  propeller  backwash  could  create  turbulence 
in  the  area  of  the  sea  chest,  causing  the  pump  to  become  airbound.  Since 
there  is  no  recorded  evidence  that  firepumps  1 and  6 have  ever  lost  suction 
during  underway  operation  and  there  is  no  recorded  restriction  on  their 
underway  operation,  it  is  concluded  that  those  firepumps  can  be  operated 
safely  while  the  ship  is  under  way  with  little  danger  of  loss  of  suction. 

It  is  therefore  recommended  that  a uniform  firepump  operating  policy  be 
promulgated  and  that  the  operating  times  on  the  firepumps  be  changed  in 
such  a way  as  to  distribute  the  maintenance  burden  evenly.  (The  following 
sections  identify  the  differences  in  maintenance  burden  experienced  by  the 
various  pumps  and  their  associated  drivers.) 

3 . 2 . 2 . 2 Overview  of  Pump  Maintenance  Burden 

MDS  data,  as  shown  in  Table  3-1,  revealed  that  the  maintenance  man- 
hour burden  associated  with  the  firepump  accounted  for  50  percent  of  the 
total  man-hour  burden  reported  against  the  selected  Flremain  System  APLs. 
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Parts  usage  information  shown  in  Table  3-2  is  indicative  of  the  types  of 
repair  parts  historically  required  for  maintenance  actions  during  the  data 
period. 

CASRBP  analysis  revealed  that  18  reports  were  submitted  against  the 
firepump  during  the  period  1 July  1973  to  30  June  1976.  This  represents 
32  percent  of  the  total  CASBEPs  submitted  against  the  entire  system  and 
corresponds  to  an  average  CASHBP  submittal  rate  of  0.86  CASREPs  per  ship 
operating  year  for  the  firepumps.  An  average  CASREP  submittal  rate  for 
the  Firemain  System  during  the  CASREP  data  period  was  2.68  CASREPs  per 
ship  operating  year  (see  Appendix  B) . 

Discussions  with  Ship's  Force,  IMA,  SIMA,  and  NAVSEC  personnel  indi- 
cated that  the  firepump  was  a high-burden  item.  From  these  discussions, 
a typical  significant  maintenance  action  for  the  firepump  was  defined  as 
repair  or  replacement  of  the  following i 

■ Wearing  rings 

• Bearings 

• Rotor  assembly 

• Shaft 

• inipeller 

■ Casing 

• Flexible  coupling 

The  specific  maintenance-related  problems  associated  with  each  of  the 
listed  firepump  components  are  addressed  in  the  following  sections. 

3. 2.2. 3 Wearing  Rings 

The  Warren,  type  -3  DBH-10  firepump,  supported  by  APL  016020494,  was 
originally  manufactured  with  a cast  gun-metal  easing,  cast  gun-metal  impel- 
ler wearing  rings,  a monel  impeller,  and  cast  bearing-bronze  casing  wearing 
rings,  with  the  casing  wearing  rings  being  of  a softer  metal  than  the 
impeller  wearing  rings  (see  Appendix  C) . The  original  impeller  wearing 
rings  (gun  metal)  were  interference-fitted  to  the  monel  impeller  and  held 
in  place  with  set  screws.  The  direct  contact  of  the  two  dissimilar  metals 
resulted  in  a galvanic-corrosion  problem.  This  same  problem  was  found  to 
exist  at  the  interface  between  the  gun-metal  pump  casing  and  the  bronze 
casing  wearing  ring.  In  the  latter  case  the  problem  was  leas  severe  because 
of  the  rubber  0-ring  seal  between  the  casing  wearing  ring  and  the  casing. 

A result  of  the  DART  firepump  improvement  program  was  to  change  the  wearing 
ring  material  as  follows t 

• Change  the  impeller  wearing  rings  from  gun  metal  to  stainless  steel 

• Change  the  casing  wearing  rings  from  bronze  to  monel 
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An  Item  Description  (Form  DD-146)  readout  was  conducted  on  11  October 
1977  by  personnel  in  the  technical  section  of  SPCC  Mechanicsburg,  Pa., 
to  determine  the  material  composition  of  the  firepump  wearing  rings  cur- 
rently stocked  in  the  Naval  Supply  System.  This  inquiry  revealed  that 
the  casing  wearing  ring  material  is  monel,  which  is  in  accordance  with 
NAVSEC  recommendations,  but  the  impeller  wearing  ring  material  currently 
stocked  is  stainless  steel.  Class  303,  which  is  not  an  acceptable  material. 
Conversations  with  NAVSEC  Code  6153  indicated  that  the  use  of  Class  303 
stainless  steel  Impeller  wearing  rings  on  a monel  impeller  in  a firepump 
is  unsuitable  for  salt  water  applicatione  and  that  the  galvanic  corrosion 
at  the  stainless  steel-nusnel  Interface  would  be  greater  than  that 
experienced  with  the  original  monel  impeller  and  gun-metal  wearing  ring. 

Table  3-6  shows  the  composition  of  the  firepump  wearing  rings  currently 
stocked  in  the  Navy  Supply  System. 


Table  3-6.  WEARING  RINGS  IN  SUPPLY  SYSTEM 

NSN 

Description 

Material 

9C  4320-00-479-8861 

Casing  Wearing  Ring 

Nickel-copper  alloy  (monel)  , 
QQ-N-288,  Composition  B or  D 

9C  4320-00-541-9064 

Casing  Wearing  Ring 
(Replaced  byNIlN  479- 
8861  effective  2/73) 

Original  casing  wearing  ring 
made  of  bronze 

9C  4320-00-479-8862 

Impeller  Wearing  Ring 

Stainless  steel,  QQ-S-763, 
Class  303,  Composition  A 

9C  4320-00-541-9065 

Impeller  Wearing  Ring 
(Replaced  by  479-8862 
effective  2/73) 

Original  impeller  wearing 
ring  made  of  gun  metal 

The  recommended  near-term  solution  is  to  replace  the  currently  in- 
stalled Class  303  stainless  steel  Impeller  wearing  ring  with  one  manufac- 
tured from  monel,  QQ-N-288,  Composition  B or  D.  This  will  entail  assigning 
a new  NSN  for  the  monel  wearing  ring  and  revising  APL  016020494  to  reflect 
the  change  in  material  support.  These  recommendations  are  compared  in 
Appendix  C with  currently  stocked  Navy  materials. 

3. 2. 2. 4 Bearings 

The  firepiunp  is  equipped  with  two  externally  grease-lubricated  ball 
bearings,  a thrust  bearing  consisting  of  a size  307  double  ball  bearing  and 
a size  307  single  ball  bearing.  Table  3-2  shows  that  the  thrust  bearing 
was  replaced  225  times  and  the  single  bearing  219  times  during  the  data 
period. 
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Comments  of  NSRDC  personnel  reported  in  Section  3. 1.1. 4 suggest  that 
the  bearings  stocked  in  the  Navy  Supply  System  are  perfectly  adequate  for 
their  intended  use.  However^  it  was  further  stated  that  current  bearing 
Installation  practices  used  in  the  Fleet  are  varied  and  are  of  marginal 
acceptability,  resulting  In  the  high  rate  of  bearing  replacement  noted. 

The  provision  of  a comprehensive  centrifugal  pump  overhaul  manual  for 
Individual  ships,  as  recommended  In  Section  3. 1.1. 2 of  this  report,  could 
reduce  the  number  of  bearing  replacements. 

During  analysis  of  the  flrepumps,  It  was  further  noted  that  the  pro- 
cedure currently  used  to  grease  the  ball  bearings  does  not  ensure  that  the 
old  grease  in  the  ball  bearing  is  purged  and  replaced  by  new  grease.  This 
may  have  contributed  to  the  high  bearing  replacement  rate  by  not  allowing 
an  adequate  flow  of  new  grease.  The  existing  drain  plug  on  the  bearing 
housings  Is  directly  below  the  grease  cup  or  zerk  fitting,  and  It  Is  pos- 
sible that  the  fresh  grease  will  flow  directly  out  of  the  drain  hole. 

The  lubrication  procedure  could  be  Improved  by  moving  the  drain  hole  to 
the  opposite  side  of  the  ball  bearing,  thus  forcing  new  grease  to  flow 
through  the  bearing  in  such  a way  as  to  ensure  that  fresh  grease  is  intro- 
duced to  the  contact  points  of  the  ball  bearings  and  the  old  grease  is 
flushed  out.  Figure  3-1  graphically  describes  the  proposed  change. 


[preiont  LoeitLon) 

Figure  3-1.  TYPICAL  FIREPUMP  BEARING  AND  HOUSING 


21 


¥ 


It  !■  raoommsndad  that  a ShlpAlt  be  davelopad  to  implement  thla  recom- 
mended flrepurop  bearing  houalng  change  on  both  bearings  of  the  Installed 
firapuinps  of  the  DDQ-37  Class. 

3. 2. 2. 5 Casings 

Table  3-7  shows  the  number  of  reported  significant  casing-related 
maintenance  actions  per  pump.  Firepumps  3 and  5 had  far  more  reported 
casing  repairs  than  the  other  four  firepumps.  The  MDS  narratives  indi- 
cated that  erosion  of  the  pump  casings  was  a serious  problem,  section 
3. 2. 2.1  addressed  firepump  utilisation* on  DDG-37  Class  ships,  indicating 


Table  3-7.  CASING  REPAIRS 

Pump 

Number 

Number  of 
Actions  Requiring 
Casing  Repairs* 

Percent 
of  Total 

1 

2 

6.5 

2 

2 

6.5 

3 

13 

42.0 

4 

0 

0.0 

5 

10 

32.0 

6 

4 

13.0 

Total 

31 

100.0 

*A11  ships  of  the  DDG-37  Class. 

.y 


i; 

I' 
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that  historically  firepumps  3 and  5 were  operated  more  than  the  other  four 
installed  firepumps.  The  fact  that  they  have  experienced  more  problems 
with  pump  erosion  tends  to  confirm  that  they  are  used  more.  Since  the 
pump  casings  on  all  six  Installed  firepumps  are  identical,  it  is  con- 
cluded that  the  higher  utilisation  of  pumps  3 and  S is  responsible  for 
their  higher  rate  of  pump  casing  repairs.  Operating  all  firepumps  on  an 


equal  operating  basis • as  recommended  in  Section  3, 2. 2.1,  will  tend  to 
distribute  the  pump  casing  erosion  problems  across  all  six  installed 
firepumps,  but  it  will  not  eliminate  the  problem.  One  of  the  principal 
recommendations  of  the  DART  Program,  discussed  in  Section  3.2.1,  was 
the  revision  of  MIL~P-17639  to  provide  for  the  use  of  stainless  steel  in 
pump  casing  manufacture  to  prevent  problems  due  to  casing  erosion  and 
corrosion.  Therefore,  it  is  recommended  that  a ShipAlt  be  developed  to 
Install  stainless  steal  casings  on  all  DDG-37  class  ship  firepumps  as 
they  become  available.  On  the  basis  of  current  pump  utilization,  pumps 
3 and  5 should  be  given  priority  for  stainless  steel  pump  casings.  Until 
this  ShipAlt  can  be  implemented,  erroded  cast  gun-metal  casings  should 
continue  to  be  repaired  as  necessary. 

Pump  casing  rebuilding  and  machining  are  beyond  the  capabilities  of 
Ship's  Force  maintenance  personnel.  The  USS  PUGET  SOUND  (AD-38)  has  had 
success  in  the  repair  of  eroded  cast  gun-metal  casings  by  using  a pre- 
machined  filler  piece  that  is  then  seal-welded  to  the  machined  areas  of 
erosion.  RAM  Enterprises,  a civilian  contractor  engaged  in  cast  gun- 
metal  pump  repairs,  builds  of  the  eroded  areas  directly  by  welding  on  new 
material  and  then  machining  it  down.  Both  methods  give  good  results  for 
the  short  term.  Data  on  long-term  performance  of  pumps  whose  casings  have 
been  repaired  by  either  method  is  not  available.  NAVSEC  should  determine 
which  of  the  two  methods  currently  being  employed  provides  the  best  long- 
term results  and  establish  uniform  casing  repair  procedures.  The  long-term 
solution  to  gun-metal  casing  erosion  is  the  use  of  stainless  steel  pump 
casings  as  discussed  earlier. 

3. 2. 2. 6 Flexible  Couplings 

The  flexible  coupling  between  pump  and  driver  is  a grid-type  flexible 
coupling  manufactured  by  Falk  Corporation  (APL  782350005) . The  two  coup- 
ling halves  are  rough-bored  by  the  manufacturer  and  require  additional 
machining  before  Installation.  Both  halves  require  a tapered  Inside 
machine  cut  for  proper  fit-up. 

The  coupling  is  not  considered  to  be  a significant  problem  since  only 
36  of  60  were  replaced  during  the  data  period.  Normally  one  entire  coup- 
ling is  carried  on  board  plus  one  spare  grid.  Repair  by  Ship's  Force 
becomes  a problem  only  if  they  are  unable  to  machine  the  taper  required 
for  the  on-board  spare.  This  potential  problem  is  related  to  the  engine 
lathe  problems  discussed  in  Section  3. 1.1.1.  The  two  primary  contributing 
factors  in  flexible  coupling  wear  are  improper  lubrication  and  misalignment. 
Both  of  these  problems  can  be  reduced  by  providing  a centrifugal  pump  over- 
haul manual  to  Ship's  Force,  as  recommended  in  Section  3. 1.1. 2,  which  would 
give  detailed  Instructions  for  proper  installation  and  alignment. 
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3. 2. 2. 7 Frequ«nov  of  Repair 

In  ordar  to  determine  the  mean  time  between  significant  flrepump  main- 
tenance actions,  MOS  narrative  data  were  examined  in  detail,  and  241  sig- 
nificant maintenance  actions  (as  defined  in  Section  3. 2. 2. 2)  were  found  to 
have  been  accomplished  during  the  data  period.  Table  3-8  summarizes  the 
identified  significant  maintenance  actions  by  flrepump  number,  the  nundjer 
of  actions  accomplished  by  IMA  and  Ship's  Force  maintenance  personnel,  and 
the  mean  time  between  significant  maintenance  actions  in  months*  The  mean 
time  between  significant  maintenance  actions  was  calculated  by  using  a 
Weibull  hazard  plot*.  The  data  period  used  for  the  Weibull  analysis  extended 
from  the  date  of  the  first  significant  maintenance  actions  to  the  end  of  the 


Table 

3-8,  SIGNIFICANT  MAINTENANCE  ACTIONS  FOR  FIRBPTTMPS  (POMP  ENDS) 

Maintenance  Actions 

Mean  Time  Between 
Significant 
Maintenance 
Actions  in  Months* 

Pump 

Driver 

IMA 

Ship*  s 
Force 

Total 

Percent 
of  Total 

1 

Motor 

9 

21 

30 

12 

22 

2 

Turbine 

11 

25 

36 

15 

16 

3 

Motor 

32 

32 

64 

27 

9 

4 

Turbine 

11 

13 

24 

10 

21 

5 

Motor 

23 

36 

59 

24 

11 

6 

Motor 

11 

17 

28 

12 

21 

Total 

97 

144 

241 

100 

- 

Percent 
of  Total 

40 

1 

60 

- 

- 

« 

*The  mean  times  between  significant  maintenance  actions  were  cal- 
culated by  using  the  censored  data  as  described  in  Appendix  D. 

‘"Hazard  Plotting  for  Incomplete  Failure  Data",  W.  Nelson,  Journal  of  Quality 
Technology,  No.  1,  pp  27-52,  1969.  The  Weibull  Hazard  plot  was  also  used 
for  subsequent  calculations  of  mean  time  between  significant  maintenance 
actions  (Tables  3-10,  3-11,  3-13,  and  3-15). 


24 


5 

i 


1 


1 

•| 

i 

i 


E' 


MDS  data  period.  The  time  spent  in  ROH  and  RAV  was  not  considered;  however,  H 

becauBis  of  the  method  of  determining  the  starting  point  for  the  Weibull 
analysis , the  Weibull  analysis  period  does  not  equal  the  ship  operating  , 

years.  Appendix  0 presents  the  data  used  to  calculate  the  means. 

Table  3-8  indicates  that  tirepumps  3 and  5 accounted  for  27  percent  /> 

and  24  percent,  respectively,  or  more  than  50  percent  of  the  total  signif- 
icant malntonance  actions,  and  had  the  shortest  mean  time  between  signifi- 
cant maintenanoe  actions.  With  the  exception  of  the  drivers,  all  of  the 
puicps  are  identical;  therefore,  the  most  logical  reason  for  the  higher 
maintenanoe  burden  and  lower  mean  time  between  significant  maintenance  ' 

actions  is  an  operating  time  difference  between  the  firepumps.  Conversa- 
tions with  Ship's  Force  personnel,  as  discussed  in  Section  3. 2. 2.1,  confirm 
that  firepumps  3 and  5 are  in  fact  operated  most,  followed  by  pumps  2 and 
4,  and  1 and  6.  The  principal  problem  associated  with  routinely  operating 
firepumps  3 and  5 rather  than  the  other  firepumps  is  the  reduction  in  the 
effectiveness  of  their  automatic  start  capability  in  the  event  the  booster 
suppression  system  is  activated.  Firemaln  augmentation  in  support  of  the 
booster  suppression  system  is  automatically  accomplished  if  firepumps  3 
and  5 are  secured  and  set  to  start  automatically;  however,  if  they  are 
already  in  operation,  firepumps  1 and  6 have  to  be  manually  started,  with 
an  attendant  loss  of  time  to  bring  the  firemaln  pressure  up. 

Xt  is  therefore  recommended  that  a uniform  policy  for  flrcpump  opera- 
tion on  the  DDG-37  Class  be  established  by  TYCOM  to  equalize  the  mainte- 
nance required  between  the  installed  firepumps  and  to  assure  maximum  safety 
in  the  event  the  booster  suppression  system  is  activated. 

3. 2. 2. 8 Maintenance  Strategy  | 

i 

This  analysis  has  shown  that  the  mean  time  between  significant  main-  j 

tenanoo  actions  is  short.  Since  redundancy  is  built  into  the  firemaln 
system  (2  of  6 firepumps  required  for  normal  system  operations)  and  all  | 

firepump  repairs  are  within  the  capability  of  either  Ship's  Force  or  an 
IMA,  it  is  concluded  that  a run-to-failure  maintenance  strategy  should 
be  adopted  for  the  fivepumps.  There  is  no  penalty  for  an  in-service  | 

failure,  because  (1;  the  firepitmps  arc  redundant  and  (2)  there  is  no  \ 

significant  difference  in  the  maintenance  burden  associated  with  a routine  ) 

open- and- inspect  procedure  and  that  associated  with  a normal  firepump 
repair  resulting  from  an  in-service  failure.  | 

It  is  further  recommended  that  the  annual  open-and-inapect  PMS  re-  : 

quirement  for  both  the  electric-motor-driven  and  the  turbine-driven  fire-  1 

pumps  be  changed  to  a situation  requirement.  The  man-hour  requirements  1 

should  also  be  increased  from  8 to  16  hours  on  the  basis  of  ship  visit  t 

inquiries.  This  check  would  then  be  accomplished  when  the  firepump  was  a 

opened  for  corrective  maintenance. 
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3. 2. 2. 9 Recommendations 


The  following  is  a aummary  of  the  recommendations  applicable  to  the 
Warren  Type  -3  dbh-10  firepumpi 

• Near  Term 

••  TYCOM  establish  a uniform  firepump  operating  policy  toi 
■*  Operate  firepumps  2 and  4 whenever  steam  is  availeUsle. 

- Operate  firepumps  1 and  6 in  port  or  when  under  way  when 
firepumps  2 and  4 are  not  available. 

- Keep  firepumps  3 and  5 set  up  for  automatic  start  to  the 
maximum  extent  possible  (if  this  is  accomplished,  the 
priority  for  stainless  steel  pump  replacement  changes  since 
firepumps  3 and  5 will  operate  less  than  the  other  4 fire- 
pumps  and  thus  should  not  be  replaced  by  stainless  steel 
firepumps  before  the  other  4). 

* * Change  the  material  requirements  for  the  impeller  wearing  rings 
of  the  firepumps  supported  by  AFL  016020494  from  stainless 
steel,  Class  303,  to  monel,  QQ-N-288,  Composition  B or  D. 

••  Assign  an  NSN  to  the  monel  impeller  wearing  ring,  and  revise 
AFL  016020494  accordingly. 

••  MAVSSC  determine  the  best  method  for  gun-metal  casing  repair 
and  promulgate  uniform  repair  instructions. 

••  jfga  a run-to-failure  maintenance  strategy  for  the  installed 
firepumps  of  the  DDG-37  Class  as  discussed  in  Section  3. 2.2.8. 

••  Change  the  periodicity  of  MRC  C3-C91K  of  MIP  B-2e/252  and 
MRC  55-a81C-N  of  MIP  B-37/51  from  Annual  (A)  to  Situation 
Requirement  (R) . 

• Long  Term 

••  Provide  a comprehensive  centrifugal  pump  overhaul  manual,  as 

discussed  in  Section  3. 1.1. 2,  to  individual  ships  to  standardize 
bearing  removal  and  installation  procedures. 

**  Develop  a ShipAlt  to  implement  the  recommended  change  in  the 
firepump  bearing  housing  vent  drain  as  described  in  Figure  3-1. 

••  Develop  a ShipAlt  to  install  stainless  steel  casings  on  all 
DDG-37  Class  firepumps. 

•*  Ensure  that  all  DDG-37  class  ships  are  equipped  with  a fully 
operational  lathe  as  discussed  in  Section  3. 1.1.1, 
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3.2.3  Reliance  60  HP  Firepump  Electric  Motor 
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3 

3. 2. 3.1  Background 

The  electric  motor  for  firepumpe  1,  3,  5,  and  6 on  the  DDG-37  Claso 
la  a 60  hp>  3600  epm,  S-phaae,  440  volt,  drip-proof  protected  motor  manu- 
factured by  the  Reliance  Electric  and  Engineering  Company.  The  motor  is 
supported  by  APL  174750564. 

The  recommendation  made  in  Section  3. 2. 2.1  concerning  the  histcrical 
and  proposed  operating  modes  of  the  Installed  flrepumps  is  applicable  to 
the  firepump  electric  motors.  In  particular,  the  automatic  start  features 
of  pumps  3 and  5,  the  remoteness  of  pumps  1 and  6,  and  the  unequal  opera- 
ting times  are  especially  pertinent  to  the  following  discussions. 


3. 2. 3.2  Overview  of  Motor  Maintenance  Burden 

MDS  data,  as  shown  in  Table  3-1,  revealed  that  the  maintenance  man- 
hour burden  associated  with  the  firepiunp  electric  motor  accounted  for  25 
percent  of  the  total  man-hour  burdens  reported  against  the  selected  Firemain 
System  APLs.  Parts  usage  information  shown  in  Table  3-2  is  Indicative  of 
the  types  of  repair  parts  historically  required  for  maintenance  actions 
during  the  data  period. 

CASRBP  analysis  revealed  that  26  reports  were  submitted  against  fire- 
pump  motors  during  the  period  1 July  1973  to  30  June  1976.  This  corresponds 
to  an  average  CASRBP  submittal  rate  of  1.24  CASREPs  per  ship  operating  year 
for  the  firepump  motor. 


Discussions  with  Ship's  Force,  IMA,  SXMA,  and  NAVSECj personnel  indi- 
cated that  the  firepump  motor  was  one  of  the  high-maintenance-burden  items 
in  the  Firemain  System.  From  these  discussions,  typical  significant  main- 
tenance actions  for  the  firepump  motor  were  defined  as  follows) 

• Rewinds  | 

. i 

• Bearing  replacement 

' Shaft  replacement 

The  specific  maintenance-related  problems  of  the  firepump  motor 
components  are  addressed  in  the  following  sections. 


3. 2.3.3  Rewinds 


A review  of  MDS  narratives  revealed  that  67  firepump  motor  rewinds 
were  accomplished  during  the  data  period.  Table  3-9  lists  the  number  of 
rewinds  on  each  of  the  installed  firepump  motors.  It  shows  that  firepump 
motors  1 and  6 have  experienced  more  rewinds  than  3 and  5.  Comments  con- 
cerning firepump  utilisation  in  Section  3.2.2. 1 confirmed  that  pumps  3 and 
5 were  operated  more  than  1 and  6.  Therefore,  there  appears  to  be  a corre- 
lation between  the  relatively  low  firepump  operating  time  and  a high  rate 
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Table  3 

-9.  PIREPUMP  ELECTRIC 
MOTOR  REWINDS 

Motor 

Rewinds 

Percent 
of  Total 

1 

21 

31 

3 

12 

19 

5 

7 

11 

6 

26 

39 

Total 

67 

100 

of  required  flrepump  motor  rewinds  for  flrepumps  1 and  6,  No  firm  data 
were  found  to  support  the  theory  that  higher  electric  motor  use  equated  to 
fewer  motor  repairs,  but  a logical  explanation  can  be  postulated.  Since 
flrepump  motors  3 and  5 were  almost  always  operating,  they  remained  warm 
and  did  not  allow  condensation  and  collection  of  water  in  the  windings. 

Also,  the  fact  that  flrepump  motors  1 and  6 had  more  rewinds  may  be  account- 
ed for  by  their  being  located  in  poorly  ventilated,  remote,  unmanned  pump 
rooma,  where  humidity  is  high.  When  these  pumps  are  not  run  for  extendocl 
intervals,  condensation  forms  in  the  windings.  This  can  result  in  grounds 
In  the  windings  and  may  well  cause  a motor  to  burn  out  upon  start-up.  A 
near-term  solution  is  to  establish  a PMS  requirement  to  operate  flrepumps  1 
and  6 dally  to  warm  up  and  dry  out  the  electric  motor  windings.  Equaliza- 
tion of  the  use  of  the  flrepump  motors  would  increase  the  use  of  flrepump 
motors  1 and  6,  which  should  also  help  to  reduce  the  number  of  motor  rewinds. 
A long-term  solution  is  the  Implementation  of  a procedure  for  rewinding 
flrepump  electric  motors  using  the  sealed  insulation  system  (discussed  in 
Section  3.1. 1.3),  which  is  less  susceptible  to  grounding  from  moisture. 

3. 2. 3.4  Bearings 

The  flrepump  motors  are  equipped  with  two  double-shielded  ball  bearings. 
Table  3-2  shows  that  both  bearings  experienced  a high  rate  of  replacement 
during  the  data  period.  There  were  no  firm  data  to  indicate  a problem  with 
these  bearings  other  than  the  problems  concerning  Installation  and  removal 
procedures  discussed  in  Section  3. 1.1. 4.  Therefore,  it  is  recommended  that 
Ship's  Force  personnel  be  provided  with  a comprehensive  manual  that  v'ould 
standardize  ball  bearing  removal  and  installation  procedures.  This  should 
reduce  the  number  of  bearing  replacements  required. 

3. 2. 3. 5 Shaft  Replacement 

A shaft  must  be  replaced  when  it  is  bent  or  the  area  of  the  bearing 
journals  cannot  be  dressed  up  adequately  to  permit  bearing  installation  in 
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accordance  with  the  fit-up  criteria  required  for  that  size  bearing.  The 
pi^incipal  cause  of  bent  shafts  and  scored  journals  is  the  improper  use  of 
bearing  pullers  during  bearing  removal.  A reduction  in  shaft  replacements 
would  be  realized  by  the  use  of  a suitable  Centrifugal  Pump  Overhaul  Manual 
as  discussed  in  Sections  3. 1.1. 2 and  3. 1.1.4. 

3. 2. 3. 6 Fraguenoy  of  Repairs 

To  determine  the  mean  time  between  significant  firepump  motor  mainte- 
nance actions r MOS  narrative  data  were  examined  in  detail,  and  97  signifi- 
cant maintenance  actions  (as  defined  in  Section  3. 2. 3. 2}  were  found  to  have 
been  aocompllshed  during  the  data  period.  Table  3-10  summarizes  the  sig- 
nificant maintenance  actions  by  firepump  motor  number,  the  number  of  actions 
accomplished  by  IMA  and  Ship's  Force  maintenance  personnel,  and  the  mean 
time  between  significant  maintenance  actions. 


Table  3-10. 

SIGNIFICANT  MAINTENANCE  ACTIONS 

FOR  FIREPUMP  MOTORS 

Maintenance  Actions 

Mean  Time  Between 
Significant 
Maintenance 
Actions  in  Months* 

Motor 

IMA 

Ship's 

Force 

Total 

Percent 
of  Total 

1 

27 

4 

31 

32 

19 

3 

13 

8 

21 

22 

38 

5 

7 

3 

10 

10 

43 

6 

27 

8 

35 

36 

14 

Total 

74 

23 

97 

100 

- 

Percent 
of  Total 

76 

24 

- 

*The  mean  times  between  significant  maintenance  actions  were  cal- 
culated by  using  the  censored  data  as  described  in  Appendix  D. 

Table  3-10  indicates  that  the  firepump  motors  1 and  6 accounted  for 
68  percent  of  the  significant  maintenance  actions  and  had  a mean  time  be- 
tween significant  maintenance  actions  considerably  lower  than  that  of 
firepump  motors  3 and  5.  This  difference  is  due  primarily  to  the  higher 
rewind  rate  of  motors  1 and  6 as  discussed  in  Section  3. 2. 3. 2.  For  the 
near  term,  the  number  of  electric  motor  rewinds  required  should  be  reduced 
by  the  implementation  of  the  recommendations  made  in  Section  3. 2. 3. 3 to 
operate  firepumps  1 and  6 dally  to  warm  up  and  dry  out  the  electric  motor 
windings  and  the  recommendations  of  Section  3. 2. 2.1  to  establish  a uniform 
firepump  operating  policy  to  distribute  the  operating  times  evenly. 
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A long-term  solution  is  provided  in  the  recommendations  of  Sections 
3<1.1.3  and  3. 2. 3. 3 to  incorporate  firepump  motors  having  a sealed 
Insulation  system. 

3 . 2 . 3 . 7 Maintenance  Strategy 

A run-to-failure  maintenance  strategy  is  recommended  for  the  firepump 
motors.  This  strategy  is  in  line  with  the  recommended  strategy  for  the 
pump  ends  as  described  in  Section  3. 2. 2. 8.  It  is  predicated  on  the  fact 
that  motor  rewinds  are  almost  impossible  to  predict  since  they  are  usually 
caused  by  environmental  factors  which  will  not  be  reduced  or  eliminated  by 
preventive  maintenance  on  the  motor  windings  until  the  motor  windings  have 
improved  insulation. 

3. 2. 3. 8 Recommendations 


The  following  is  a summary  of  the  recommendetions  applicable  to  the 
Reliance  60  hp  Firepump  Electric  Motor: 

• Near  Term 

••  Establish  a RMS  requirement  to  operate  firepumps  1 and  6 daily 
to  warm  up  and  dry  out  the  electric  motor  windings. 

• » Equalise  the  operating  times  of  the  electric-driven  firepumps 
as  discussed  in  Section  3. 2. 4.1  to  aid  in  the  prevention  of 
motor  rewinds  on  1 and  6. 

**  Use  a run-to-failure  maintenance  strategy 

• Long  Term  - Implement  a procedure  to  rewind  the  firepump  electric 
motors  using  the  sealed  insulation  system  on  all  four  electric- 
motor-driven  firepumps  but  with  priority  given  to  firepump  motors 
1 and  6. 

3.2.4  Whlton  Type  BFSCS  Firepump  Turbine 

3 . 2 . 4 . 1 Background 

The  Whiton  type  BFSCS  turbine  is  a single-stage,  radial  flow,  multi- 
impulse steam  turbine  supported  by  APL  057950042.  Constant  firepump  dis- 
charge pressure  is  regulated  by  a Leslie  Pump  Pressure  Regulator  supported 
by  APL  882260195,  and  turbine  maximum  speed  is  limited  by  a speed-limiting 
governor  that  is  integral  to  the  turbine  unit.  The  turbine  and  pump  have 
separate  foundations  that  rest  on  a common  bedplate.  They  are  connected 
via  a flexible  coupling. 

3 . 2 . 4 . 2 Overview  of  Turbine  Maintenance  Burden 
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MBS  data,  as  shown  in  Table  3-1,  revealed  that  the  maintenance  burden 
associated  with  the  firepump  turbine  and  regulator  accounted  for  23  percent 
of  the  total  man-hour  burden  reported  against  the  selected  Firemain  System 
APLs.  Parts  usage  information  in  Table  3-2  shows  the  repair  parts  that 
have  had  a significant  replacement  history  during  the  data  period. 
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CASREP  analysj.a  revealed  that  five  reports  were  submitted  against  the 
firepump  turbine  and  regulator  during  the  period  1 July  1973  to  30  June 
1976,  corresponding  to  an  average  CASREP  submittal  rate  of  0.24  CASREPs  par 
ship  operating  year. 

Discussions  with  Ship's  Force,  IMA,  SIMA,  and  NAVSBC  personnel  indi- 
cated that  the  firepunp  turbine  is  considered  to  be  a low-maintenance- 
burden  item  and  is  fairly  reliable.  The  major  effort  by  Ship's  Force 
cen':ers  on  preservation  of  the  turbine  and  its  associated  piping  and  re- 
pairs to  the  pressure  regulator.  From  these  discussions,  a typical  signif- 
icant maintenance  action  for  the  firepump  turbine  was  defined  as  repairs 
to  or  replacement  of  the  following! 

■ Pressure  regulator 

* Bearings 

■ Carbon  seals 


The  specific  maintenance-related  problems  associated  with  each  of  the 
turbine  components  are  addressed  in  the  following  sections. 

3 . 2 . 4 . 3 Pressure  Regulator 

All  DDQ-37  Class  firepump  turbines  are  equipped  with  a constant- 
pressure  regulator  that  monitors  fir>spv.*np  discharge  pressure  and  regulates 
auxiliary  steam  to  the  firepump  turbine  in  such  a manner  as  to  maintain 
flremain  pressure  at  the  designated  set  point. 

Conversations  with  cognizant  technical  personnel  revealed  that  the 
majority  of  the  repairs  to  the  regulator  dealt  with  replacement  of  internal 
parts  such  as  diaphragms , gaskets,  power  piston  rings,  and  needle  valves. 
Phis  type  of  part  replacement  can  be  accomplished  by  Ship's  Force  personnel 
with  the  regulator  in  place  in  about  6 to  8 man-houris.  This  estimate  is 
based  on  discussions  with  Ship's  Force  technicians  involved  in  maintenance 
of  the  regulator. 


As  shown  in  Table  3-1,  two  different  pressure  regulators  are  installed 
in  the  DDG-37  Class.  The  major  difference  between  the  two  regulators  is 
shown  as  follows! 


APL  Class  Difference 

882260195  PTLMS~4  Uses  copper-asbestos  gaskets 

882260469  PTLNS-5  Uses  spiral  wound  gaskets 

Other  minor  differences  not  related  to  the  maintainability  of  the 
regulators  include! 

API,  Body  Material  Remarks 

8B2260195  CMO  Steel  Original  design 

882260469  Steel  Revised  design 
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Manufacturer  representatives  reported  that  the  PTLNS-5  (supported  by 
APL  832260469)  Is  the  newer  version  of  the  basic  regulator.  Both  regulators 
should  provide  reliable  service  during  an  extended  operating  cycle  if  they 
are  overhauled  In  accordance  with  TRS  0521-086-601.  Cognizant  repair 
personnel  and  manufacturer  representatives  indicated  that  overhauls  accom- 
plished by  facilities  other  than  the  manufacturer  have  not  been  as  success- 
ful as  overhauls  accomplished  by  the  Leslie  Company.  In  the  past  year  the 
Leslie  Company  has  entered  into  contracts  with  several  Naval  Shipyards 
(PHNSY,  CNSY,  NNSY)  to  provide  servicee  for  overhaul  of  regulators  and 
reducing  valves,  but  a satisfactory  overhaul  of  the  regulator  by  an  IMA  or 
depot  should  be  possible  if  the  overhaul  is  performed  in  accordance  with 
TRS  0521-086-601. 

It  is  recommended  that  all  pressure  regulators  be  overhauled  during 
BOH  in  accordance  with  TRS  0521-086-601.  It  is  also  recommended  that  the 
pressure  regulator  be  overhauled  again  at  each  follow-on  ROH.  No  other 
maintenance  except  for  routine  repairs  by  Ship's  Force  (diaphragm,  piston 
rings,  etc.)  should  be  required  during  the  intracycle. 

3 . 2 . 4 . 4 Turbine  Bearings  and  Seals 

The  flrepump  turbines  on  the  DDG-37  Class  ships  are  equipped  with  two 
gun-metal  babbitt-lined,  split-half  shaft  bearings  that  support  the  turbine 
rotor.  MOS  parts  usage  Indicated  that  133  percent  of  the  class  population 
of  shaft  bearings  were  replaced  during  the  data  period. 


A typical  bearing  failure  results  from  loss  of  l\ibe  oil  pressure  to 
the  bearings,  causing  them  to  wipe.  During  replacement  of  the  shaft  bear- 
ings, the  carbon  paclting  was  also  usually  replaced.  The  loss  of  lube  oil 
was  normally  attributed  to  water  in  the  lube  oil  or  to  a failure  of  the 
swing  checlc  valve  on  the  discharge  side  of  the  fi repump. 

Ship's  Force  personnel  reported  that  one  of  the  major  causes  uf  water 
in  the  lube  oil  was  condensation  in  the  lube  c • 1 sump  during  periods  of 
nonoperation.  The  adverse  effects  of  water  in  the  fireptomp  turbine  lube 
oil  are  minimized  by  strict  adherence  to  the  lighting-off  and  securing 
procedures  set  forth  in  the  Engineering  Operating  Sequencing  System  (BOSS) . 
These  procedures  provide  for  draining  off  any  water  accumulated  in  the 
lube  oil  sump  prior  to  light-off. 


A failure  of  the  awing  chec)«  valve  causes  the  firepiomp  to  be  driven 
in  reverse  by  firemain  pressure,  thus  reversing  the  direction  of  the 
firepump  turbine  rotor.  The  attached  lube  oil  pump  does  not  pump  oil  to 
the  journal  bearings  when  it  is  running  bacltwards;  as  a result,  the  turbine 
journal  bearings  wipe  because  of  oil  starvation. 


3 . 2 . 4 . 5 Swing  Chec)t  Valve 

Ship's  Force  personnel  suggested  that  the  4.0"  IPS  swing  ch0c)i  valves 
installed  on  the  discharge  side  of  the  electric-driven  and  turbine-driven 
firepumps  contributed  greatly  to  the  maintenance  burden  of  the  firepumps 
since  a failure  of  the  swing  check  valve  usually  resulted  in  serious  damage 


to  the  firepump  motor  or  turbine.  One  ship  of  the  class  reported  that  the 
failure  of  the  awing  check  valve  caused  the  firemain  pressure  to  rotate  an 
electric  firepump  motor  backwards.  The  reverse  rotation  of  the  motor  and 
pump  shafts  caused  the  pump  sleeves  to  unscrew  and  jam  the  Impeller  and  pump 
shaft  in  the  firepump  casing.  The  firepump  shaft  had  to  be  cut  to  facili- 
tate removal.  The  failure  of  the  swing  check  valve  on  the  turbine-driven 
firepump  is  even  more  catastrophic  in  that  the  turbine  shaft  la  driven 
backwards.  The  installed  lube  oil  pump  does  not  supply  oil  to  the  bearings 
when  operating  in  reverse,  and  the  resultant  oil  starvation  at  the  wearing 
surfaces  of  the  turbine  journal  bearings  causes  the  bearings  to  wipe. 

According  to  cognizant  technical  personnel,  the  swing  check  valves 
sometimes  "hang  up"  in  the  open  position  and  fail  to  close  as  designed. 

The  reason  for  hanging  open  is  usually  a failure  of  the  nut  that  fastens 
the  disc  stud  to  the  arm,  which  in  turn  is  attached  via  a hinge  arrangement 
to  the  body  of  the  valve.  The  failure  of  this  nut  causes  the  disc  to 
become  cocked  and  not  seat  properly  when  the  firepump  is  secured  and  the 
firemain  pressure  forces  the  swing  check  (disc)  to  the  closed  position. 

The  disc,  body,  arm,  and  hinge  of  the  valve  are  made  of  bronze,  while  the 
disc  stud  and  nut  are  brass.  The  nut  appears  to  suffer  from  severe  erosion 
and  some  galvanic  corrosion,  which  causes  the  disc  to  detach  from  the  arm 
and  jam  in  the  body.  The  nut  can  be  replaced  in  approximately  three  to 
five  man-hours  without  removing  the  swing  check  valve  from  the  system. 

A near-term  solution  to  the  problem  is  to  establish  a PMS  requirement 
to  inspect  the  condition  of  the  hinge,  stud,  nut,  and  disc  of  the  awing 
check  valve  on  a monthly  basis.  This  would  provide  early  detection  of  any 
corrosion  of  the  internal  parts  of  the  valve  and  reduce  the  frequency  of 
failures  of  the  swing  check  valve  and  the  resulting  failure  of  the  firepump 
turbine • 

MDS  data  showed  that  APL  882035712  was  reported  by  fivs  of  ten 
DDG-37  Class  ships  as  the  APL  that  supported  the  installed  firepump  dis- 
charge swing  check  valves.  The  remaining  five  ships  of  the  class  reported 
MDS  data  for  firepump  swing  check  valves  under  several  other  APLs.  A 
review  of  TYCOM  COSALs  revealed  that  none  of  the  APLs  reported  in  the  MDS 
data  are  listed  as  being  installed  in  DDG-j7  Class  ships.  Since  this  dis- 
crepancy exists,  it  is  recommended  that  a COSAL  validation  be  conducted  to 
ensure  that  the  installed  firepump  swing  check  valves  are  supported  by  the 
proper  APLs. 
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3 . 2 . 4 . 6 Frequency  of  Repair 

To  determine  the  mean  time  between  significant  firepump  turbine  main- 
tenance actions,  MDS  narrative  data  were  examined  in  detail,  and  34  signif- 
icant maintenance  actions  (as  defined  in  Section  3. 2.4. 2)  were  found  to 
have  been  accomplished  during  the  data  period.  Table  3-11  summarizes  the 
identified  significant  maintenance  actions  by  firepump  turbine  number, 
the  number  of  actions  accomplished  by  IMA  and  Ship's  Force  maintenance 
personnel,  and  the  mean  time  between  significant  maintenance  actions. 
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Table  3-11.  SIGNIFICANT  MAINTENANCE  ACTIONS  FOR  FIREPUMP 
TURBINES  ' 


Maintenance  Actions 


Turbine 

IMA 

Ship ' s 
Force 

Total 

Percent 
of  Total 

Significant 
Maintenance 
Actions  In  Months* 

2 

7 

11 

18 

53 

25 

4 

4 

12 

16 

47 

32 

Total 

11 

23 

34 

100 

- 

Percent 
of  Total 

32 

68 

- 

- 

- 

Mean  Time  Between 


*The  mean  times  between  significant  maintenance  actions  were  oal- 
culated  by  using  the  oensorad  data  as  desoribad  in  Appendix  Di 


Two  flrepump  turbine  overhauls  were  reported  for  the  data  period.  MDS 
parts  usage  Indicated  that  turbine  journal  bearings  and  carbon  seals  were 
replaoed  In  both  instances.  One  overhaul  was  accomplished  by  an  IMA  and 
one  by  Ship's  Force.  Both  overhauls  were  within  20  months  of  the  end  of 
the  data  period,  and  no  significant  maintenanoe  was  aocompllshed  after  the 
overhauls. 

As  shown  in  Table  3-11,  the  mean  time  between  significant  maintenance 
actions  was  25  and  32  months  for  firepumps  2 and  4,  respsotlvely . As 
previously  stated,  the  reported  maintenance  actions  tended  to  center  on 
repairs  to  the  pressure  regulator  and  replacement  of  turbine  bearings  and 
carbon  seals. 


I;  3 . 2 . 4 . 7 Maintenance  Strategy 


The  flrepump  turbine  (Including  pressure  regulator)  is  the  only  equip- 
ment in  the  Firemaln  System  recommended  for  Class  "B"  overhaul  in  accord- 
ance with  TRS  0521-086-601  during  BOH  and  each  follow-on  ROH.  In  theory, 
a turbine  overhaul  could  be  accomplished  by  an  IMA;  but,  as  discussed  in 
Section  3.1.2,  overhaul  by  an  industrial  activity,  witt>  its  special  facil- 
ities and  more  experienced  personnel,  is  preferred.  In  addition,  the 
removal  of  the  entire  turbine  assembly,  including  bedplate,  to  an  industrial 
repair  shop  would  allow  a complete  and  thorough  inspection  of  the  turbine 
and  would  facilitate  Ship's  Force  preservation  of  the  flrepump  turbine 
foundation  and  surrounding  area. 


Historical  data  indicate  that  the  turbine,  with  the  exception  of  the 
pressure  regulator,  will  normally  operate  satisfactorily  during  the  period 
from  BOH  to  follow-on  ROH  with  only  minor  corrective  maintenance  if  the 
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existing  PMS  requirements  are  accomplished.  The  cycle  PMS  check,  which 
requires  opening  the  firepump  turbine  for  inspection,  will  bo  accomplished 
by  the  depot  level  during  BOH  and  at  each  follow-on  ROH  as  part  of  the 
overhaul.  (PMS  oheok  C-2,  MRC  55-G81S-N  of  MIP  B- 37/51-65,  is  normally 
scheduled  for  acoonypliahment  during  shipyard  overhaul,  as  per  scheduling 
aid  on  MIP  B-37/51-65.) 

A run- to- failure  maintenance  strategy  is  recommended  during  the 
operating  cycle  for  the  firepump  turbine. 

3. 2.4.8  Recommendations 


The  following  is  a summary  of  the  recommendations  applicable  to  the 
Whlton  Type  BFSCS  firepump  turbine i 

• Near  Term 

*■  Ship's  Force  personnel  continue  to  accoiqpllsh  only  routine 
minor  repairs  to  the  pressure  regulator,  such  as  the  replace- 
ment of  Internal  parts  and  gaskets.  Neither  Ship's  Force  nor 
IMA  maintenance  personnel  should  atteiqpt  to  machine  or  rebuild 
Internal  surfaces  of  the  pressure  regulator  unless  they  are 
provided  with  the  exact  original  dimensions. 

••  Develop  a monthly  PMS  requirement  to  open  and  inspect  firepump 
swing  check  valves  on  flrepumps  2 and  4 to  oheok  the  oondltlon 
of  the  hinge,  stud,  nut,  and  disc. 

* * Adopt  a run- to- failure  malntenanca  strategy  for  the  Whlton  Type 
BFSCS  firepuitip  turbine. 

• Long  Term 

**  Conduct  COSAL  validation  to  ensure  that  the  installed  firepump 
swing  oheok  valves  are  supported  by  the  proper  APLs. 

••  Depot  level  accomplish  Class  "B"  overhaul  of  turbines  at  BOH 
and  each  follow-on  ROH  in  accordance  with  TRS  0521-066-601. 


3.3  AUXILIARY  MACHINERY  COOLING  WATER  SYSTEM 

The  Auxiliary  Machinery  Cooling  Water  System  contains  two  500  gpm, 
single-stage,  horizontal,  centrifugal,  close-coupled,  motor-driven  volute 
pumps  that  supply  sea  water  to  the  auxiliary  machinery  cooling  water  mains 
at  50  psig.  Appendix  A includes  a line  diagram  of  the  typical  DUG- 37 
Auxiliary  Machinery  Cooling  Water  System  showing  the  pumps,  their  location, 
how  they  are  numbered,  and  how  the  Auxiliary  Machinery  Cooling  Water  System 
interfaces  with  the  firemain  via  an  emergency  supply  reducer  from  the  fire- 
main  to  the  Auxiliary  Machinery  Cooling  Water  System.  Table  3-12  presents 
selected  pump  information  for  this  system. 
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Table  3-12.  AUXILIARY  MACHINERY  COOLING  WATER  PUMPS  AND 
LOCATIONS 

Pump 

Number 

Pump  Location 

Spaces  Serviced 

1 

No.  1 Flreroom 

Forward  System i No.  1 Flreroom  and 
No.  1 Englneroom. 

2 

No.  2 Flreroom 

After  System)  No.  2 Flreroom,  No.  2 
Englneroom,  and  the  main  shaft  stern 
tube  cooling,  flushing,  and  sealing. 

The  Auxiliary  Machinery  Cooling  Water  Syatem  la  apllt  Into  two  Inde- 
pendent ayetema,  one  aervlng  the  forward  flreroom  and  englneroom  and  the  t.,. 

other  aervlng  the  after  flreroom  and  englneroom.  They  cannot  be  oroaa- 
oonneoted,  and  each  ayatam  la  aerved  by  a dedicated  auxiliary  machinery 
cooling  water  pump  located  In  Ita  aaaoolated  flreroom.  Suotlon  for  each 
pump  la  taken  from  a aaparate  aea  cheat)  dlacharge  la  to  the  auxiliary 
machinery  cooling  water  main,  which  dlatrlbutaa  the  cooling  water  through 
branohea  to  the  Individual  auxlllarlea  aerved  by  the  ayatem.  An  emarganoy 
cooling  water  aupply  la  provided  for  each  ayatem  via  a 125  to  50  palg 
reducing  valve,  In  each  englneroom,  from  the  flremaln.  Thla  aource  pro-  .T' 

vldea  cooling  water  to  the  auxiliary  machinery  when  the  dedicated  pump  la 
down  for  maintenance.  \ 

No  CASREPa  ware  reported  against  the  Auxiliary  Machinery  Cooling  Water  * 

Syatem  equipments  during  the  period  1 July  1973  through  30  June  1976.  . 

3.3.1  Aurora  Type  GNC  Centrifugal  Pump  ^ 

3. 3. 1.1  Background  I. 

The  Aurora  Type  GNC  Centrifugal  Pump  la  a 500  gpm,  aingle-atage, 
horlaontal,  centrifugal,  close  coupled  motor-driven  unit  supported  by  i 

APL  0], 6110076. 

I 

3. 3. 1.2  Overview  of  Pump  Maintenance  Burden  ^ 

MDS  data,  as  shown  In  Table  3-1,  revealed  that  the  maintenance  man-  ' 

hour  burden  associated  with  the  auxiliary  machinery  cooling  water  pump  was 
approximately  27  man-hours  per  component  operating  year.  l 

From  dlscusalona  with  Ship's  Force,  IMA,  SIMA,  and  NAVSBC  personnel,  a 
typical  significant  maintenance  action  for  the  auxiliary  machinery  cooling 
water  pmp  was  defined  as  repairs  to  or  replacement  of  the  following  wearing 
parts  t ' 

* Wearing  rings  I 

* Shaft  sleeves  i ' 

* Impeller 
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The  specific  maintenance-related  problems  associated  with  these 
components  are  addressed  In  the  following  section. 

3. 3. 1.3  Internal  Parts 

The  wearing  rings*  both  impeller  and  casing  * were  replaced  at  a higher 
rate  in  this  pump  than  In  the  flrepumps  (see  Table  3-2) . 

On  the  basis  of  conversations  with  Ship's  Force  personnel*  it  is 
speculated  that  torsional  forces  exerted  on  the  pump  by  Improperly  aligned 
pump  suction  and  discharge  piping  have  contributed  significantly  to  the 
maintenance  burden  of  the  puittp.  These  forces  have  caused  binding  of  the 
impeller  wearing  rings  against  the  casing  wearing  rings*  resulting  in  exces- 
sive wear,  ship's  Force  personnel  said  that  loud  noises  emanating  from  the 
pump  usually  indicated  motor  bearing  failure  and  dictated  securing  the  pump 
and  opening  it  to  allow  access.  While  the  pump  is  open*  the  wearing  ring 
clearances  are  normally  checked  in  accordance  with  the  MRC  for  the  annual 
open-and-inspect  PMS  check.  Maintenance  personnel  reported  that  the 
clearanoes  were  almost  always  out  of  tolerance  and  that  wearing  rings 
were  replaced  as  a matter  of  routine. 

The  shaft  sleeve  and  impeller  are  also  normally  inspected*  but  are 
not  replaced  as  often  (see  Table  3-2).  It  is  therefore  concluded  that  a 
significant  reduction  in  Internal  wearing  part  replacement  could  be  realized 
by  ensuring  that  the  suction  and  discharge  piping  alignment  (flange  to 
flange)  to  the  pump  is  such  that  torsional  stresses  are  not  exerted  on  the 
pump  when  the  suction  and  discharge  piping  is  bolted  up.  This  alignment 
check  should  be  made  each  time  the  pump  is  opened  for  corrective  maintenance. 
Proper  piping  alignment  should  reduce  the  motor  bearing  replacement  rate  as 
well  as  the  pump  internal  wearing  part  replacement  rate.  Alignment  checks 
are  not  addressed  in  detail  in  either  the  MRC  or  the  manufacturer's  tech- 
nical manual*  but  they  should  be  Included  In  the  centrifugal  pump  overhaul 
manual  recommended  for  development  in  Section  3. 1.1. 2. 

NSN  9C  4320-00-541-8843*  impeller  wearing  ring*  was  reported  in  the 
MDS  data*  but  this  particular  NSN  is  not  listed  on  APL  016110076*  which  is 
the  APL  for  the  pump.  The  APL  should  be  changed  to  reflect  the  addition 
of  this  NSN  to  it. 

3. 3. 1.4  Frequency  of  Repairs 

To  determine  the  mean  time  between  significant  auxiliary  machinery 
cooling  water  pump  maintenance  actions*  MDS  narrative  data  were  examined 
in  detail*  and  63  significant  maintenance  actions  (as  defined  In  Section 
3. 3. 1.2)  were  found  to  have  been  accomplished  during  the  data  period. 

Table  3-13  summarizes  the  identified  significant  maintenance  actions  by 
auxiliary  machinery  cooling  water  pump  number*  the  number  of  actions 
accomplishod  by  IMA  and  Ship's  Force  maintenance  personnel*  and  the  mean 
time  between  significant  maintenance  actions. 

Table  3-13  shows  that  the  maintenance  burden  Is  rather  evenly  distrib- 
uted between  the  two  pumps  and  that  the  mean  times  between  significant 
maintenance  actions  are  identical*  suggesting  that  the  pumps  are  probably 
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Table  3- 

■13.  SIGNIFICANT  MAINTENANCE  ACTIONS  FOR  AUXILIARY 
MACHINERY  COOLING  WATER  PUMPS 

Maintenance  Actions 

Mean  Time  Between 

Pump 

IMA 

Ship's 

Force 

Total 

Percent 
of  Total 

Maintenance 
Actions  in  Months* 

1 

12 

18 

30 

48 

17 

2 

12 

21 

33 

52 

17 

Total 

24 

39 

63 

- 

- 

Percent 
of  Total 

38 

62 

- 

- 

- 

*The  mean  times  between  significant  maintenance  actions  wore  cal- 
culated by  using  the  censored  data  as  described  in  Appendix D. 

operated  about  the  sane  amount  of  time  and  that  the  different  locatione 
(lee  Table  3-12)  do  not  result  In  a different  maintenance  experienoe.  The 
most  Important  malntenanoe-related  problem  that  is  contributing  to  the  17- 
month  mean  time  between  significant  maintenance  aotlcna  is  the  alignment 
problem  discussed  In  section  3. 3. 1.3. 

3. 3. 1.5  Maintenance  strategy 

This  analysis  has  shown  that  the  mean  time  between  significant  main- 
tenance actions  is  short.  It  has  further  been  determined  that  the  primary 
cause  of  the  short  mean  time  between  significant  maintenance  actions  may 
not  be  related  to  the  pump  itself  but  to  the  external  forces  on  it  caused 
by  misaligned  auction  and  discharge  piping.  As  shown  in  Figure  A-1  of 
Appendix  A,  redundancy  is  provided  by  a 125  to  50  psig  reducing  valve 
from  the  firemain  in  the  event  of  pump  failure.  Since  pump  repairs  are 
normally  within  the  capability  of  Ship's  Force  personnel,  there  is  no 
penalty  associated  with  an  in-service  failure  of  the  pump.  It  is  therefore 
concluded  that  a run- to- failure  maintenance  strategy  should  be  adopted  for 
the  auxiliary  machinery  cooling  water  pumps  and  that  the  annual  open-and- 
inspect  PMS  requirement  be  changed  to  a situation  requirement.  Further,  on 
the  basis  of  ship  visit  inquiries,  the  man-hour  requirement  should  be 
increased  from  5 to  20. 

3. 3. 1.6  Recommendations 

The  following  is  a summary  of  the  near-term  recommondations  applicable 
to  the  Aurora  Type  GNC  auxiliary  machinery  cooling  water  pumpt 

■ Ship's  Force  maintenance  personnel  check  the  flange-to-flange  align- 
ment of  the  pump  and  the  auction  and  discharge  piping  each  time  the 
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pump  is  opened  for  corrective  maintenance,  and  adjust  the  pump  motor 
foundation  bolts  and  the  piping  hangers  to  correct  any  misalignment. 
Detailed  technical  guidance  on  how  to  conduct  alignment  checks 
should  be  provided  In  a comprehensive  centrifugal  pump  overhaul 
manual,  as  discussed  in  Section  3. 1.1. 2. 

■ Adopt  a run-to-lallure  maintenance  strategy  for  the  auxiliary 
machinery  cooling  water  pumps. 

• Change  the  periodicity  of  MRC  21-A13-CA  of  MIP  A-19/150  from 
Annual  (A)  to  Situation  Requirement  (R) . 

* Add  NSN  9C  4320-00-541-684.3,  impeller  wearing  ring,  to  APL  016110076, 
with  an  allowance  for  two  on-board  spares. 

3*3.2  Reliance,  25  HP  Auxiliary  Machinery  Cooling  Water  Pump  Electric 
Motor 

3. 3. 2.1  Background 

The  electric  motor  for  auxiliary  machinery  cooling  water  pumps  1 and  2 
on  the  DDG-37  Class  is  a 25  hp,  3600  rpm,  S-phase,  440  volt  drip-proof- 
protected  motor  manufactured  by  the  Reliance  Electric  and  Engineering 
Company.  It  la  supported  by  APL  174750217. 

3 . 3 . 2 . 2 Ovarvlaw  of  Motor  Maintenance  Burden 


MDS  data  (Table  3-1)  revealed  that  the  maintenance  man-hour  burden  fur 
the  auxiliary  machinery  cooling  water  pump  electric  motor  was  approximately 
33  man-hours  par  component  operating  year.  Parts  usage  information  shown 
in  Table  3-2  is  indicative  of  the  types  of  repair  parts  historically  re- 
quired for  maintenance  actions  during  the  data  period.  Mo  CASRBPs  ware 
reported  against  the  electric  motor  during  the  period  1 July  1973  to 
30  June  1976. 

Prom  discussions  with  Ship's  Force,  ZMA,  SIMA,  and  MAVSEC  personnel, 
typical  significant  maintenance  actions  for  the  auxiliary  machinery  cooling 
water  pump  electric  motor  were  defined  as  follows t 


* Rewinds 

* Bearing  replacement 

* Shaft  replacement  ' 

The  specific  maintenance-related  problems  of  the  auxiliary  machinery 
cooling  water  pump  electric  motor  are  addressed  in  the  following  sections. 

3. 3.2. 3 Rewinds 

A review  of  MDS  narratives  revealed  that  a total  of  67  auxiliary 
machinery  cooling  water  pump  electric  motor  rewinds  were  accomplished 
during  the  data  period.  Table  3-14  lists  the  number  of  rewinds  on  each  of 
the  motors  and  shows  that  the  two  motors  were  rewound  about  the  same  number 
of  times.  In  Section  3. 3. 1.4,  it  was  reported  that  the  auxiliary  machinery 


Table  3-14.  AUXILIARY  MACHINERY  COOLING 
WATER  PUMP  ELECTRIC  MOTOR 
REWINDS 

Motor  Number 

Rewinds 

Percent  of  Total 

1 

12 

46 

2 

14 

54 

Total 

26 

100 

cooling  watar  pumpa  ara  oparatad  about  equally  and  that  thair  locations, 
although  in  different  flrerooms,  do  not  significantly  affect  their  mainte- 
nance burdens.  A review  of  the  MDS  narratives  and  conversations  with  Ship's 
Force  personnel  identified  the  following  as  the  primary  causes  of  rewinds 
for  these  motors t 

' Accidental  wetting  of  the  motor  during  washdowns  of  the  space  or 
during  maintenance  on  other  equipment  (e.g.,  backflushing  lube  oil 
coolers  above  the  motor  and  allowing  salt  water  to  fall  on  the 
motor) 

* Failure  of  the  packing  glands,  allowing  water  to  spray  on  the  motor 

The  problem  of  accidental  wetting  is  more  acute  for  the  auxiliary 
machinery  cooling  water  pump  motors  than  for  most  of  the  other  electric 
motors  located  on  the  lower  level  of  the  flrerooms  because  they  are  horl- 
Bontal  instead  of  vertical  motors.  The  main  feed  booster  pump  motor,  for 
example,  is  vertical  and  has  a shield  built  into  its  top  that  protects  it 
from  accidental  wetting.  The  auxiliary  machinery  cooling  watei  pump  motor 
is  horizontal  and  does  not  have  a shield.  Therefore,  water  can  flow  over 
the  motor  and  enter  through  the  air  intake  on  one  end,  thus  grounding  out 
the  motor.  Some  ships  have  constructed  light  sheetmetal  shields  over  these 
motors  to  protect  them  from  accidental  wetting.  A near-term,  relatively 
inexpensive  recommendation  is  to  have  XMAs  construct  a suitable  shield  over 
the  motors  to  protect  them  from  accidental  wetting. 

Ship's  Force  personnel  reported  that  packing  gland  failures  on  the 
pump  usually  caused  sea  water  to  be  sprayed  on  the  motor,  which  sometimes 
resulted  in  grounding  of  the  windings.  The  installed  packing  material  Is 
normally  Teflon- impregnated  braided  asbestos  with  a conventional  gland 
arrangement.  A properly  installed  mechanical  seal  would  probably  reduce 
the  number  of  motor  rewinds  by  reducing  the  number  of  times  the  motors 
are  sprayed  with  sea  water.  It  is  therefore  recommended  that  a ShipAlt 
be  developed  to  provide  the  auxiliary  machinery  cooling  water  pumps  with 
mechanical  seals. 

A long-term  solution  to  the  high  motor  rewind  rate  for  auxiliary 
machinery  cooling  water  pumps  is  to  incorporate  an  Improved  method  of 
insulating  electric  motor  windings.  The  sealed  Insulation  system  discussed 
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in  Section  3. 1.1. 3 promises  to  be  an  excellent  long-term  solution  to  the 
high  rewind  rata  for  motora  aubjectad  to  hlgh-molature  envlronmanta . It 
la  therefore  recommended  that  these  electric  motors  be  rewound  with  a 
aealed  Insulation  syatam. 

3. 3. 2.4  Bearings 

The  auxiliary  machinery  cooling  water  pump  motors  are  fitted  with  two 
double- shielded  ball  bearings.  As  Indicated  In  Table  3-2,  more  than  500 
percent  of  the  total  class  population  of  the  Installed  bearings  ware  re- 
placed during  the  data  period.  As  discussed  In  Section  3. 3. 1.3,  the  tor- 
sional forces  exerted  on  the  pump  by  the  misaligned  suction  and  discharge 
piping  are  probably  the  major  cause  of  the  high  ball  bearing  failure  rate. 
The  recommendations  made  In  Section  3. 3. 1.3  for  ensuring  the  flange-to- 
flange  alignment  of  the  piping  to  the  pump  are  applicable  to  the  motor 
bearings  also. 


From  discussions  with  Ship's  Force  personnel.  It  appears  that  the 
maintenance  problems  ausoclated  with  ball  bearing  removal  and  replacement 
are  similar  to  those  discussed  In  Section  3. 1.1. 4 and  that  the  recommenda- 
tions to  provide  Improved  technical  donumontatlon  and  bearing  heaters  are 
also  applicable  to  the  auxiliary  machinery  cooling  water  pump  motor. 

3. 3. 2. 5 Shaft  Replacement 

Ship's  Force  and  XMA  maintenance  personnel  reported  that  shaft  replace- 
ment Is  usually  caused  by  the  improper  use  of  gear  pullers  In  removing 
either  the  motor  bearings  or  the  pump  Impeller.  The  pump  end  of  the  shaft 
la  sometimes  damaged  by  the  Improper  use  of  a gear  puller  In  that  the 
threaded  end  becomes  flared  to  such  an  extent  that  the  Impeller  nut  cannot 
be  Installed  properly.  In  many  oases.  Ship's  Force  personnel  "stub"  the 
shaft  and  reassemble  the  pump  and  motor.  The  stubbed  shaft  Is  normally 
not  balanced  since  Ship's  Force  does  not  have  a shaft-balancing  capability. 

This  problem  Is  related  to  the  maintenance  technique  for  using  bearing 
pullers  and  will  probably  be  reduced  but  never  eliminated  by  the  use  of 
the  comprehensive  centrifugal  pump  overhaul  manual  recommended  for 

development  In  Section  3. 1.1. 2.  , 

I 

3. 3. 2.6  Frequency  of  Repairs 

v 

To  determine  the  mean  time  between  significant  maintenance  actions,  ^ 

MDS  narrative  data  were  examined  In  detail,  and  122  significant  maintenance 
actions  were  Identified.  Table  3-15  summarises  the  Identified  significant 
maintenance  actions  by  pump  motor  number,  the  number  of  actions  accomplished 
by  IMA  and  Ship's  Force  maintenance  personnel,  and  the  mean  time  between 
significant  maintenance  actions.  ‘ 

f 

The  mean  time  between  significant  maintenance  actions  for  the  pump  and 
motor  are  very  close  (approximately  17  and  13  months,  respeotivoly) . since 
the  pump  is  close-coupled  to  the  motor  and  the  radial  support  of  the  pump 
Impeller  Is  provided  by  the  motor  bearings,  it  Is  theorised  that  the  low 
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Table  3-15. 

SIGNIFICANT  MAINTENANCE  ACTIONS  FOR  AUXILIARY 
MACHINERY  COOLING  WATER  PUMP  MOTORS 

Maintenance  Actions 

Mean  Time  Between 
Significant 
Maintenance 
Actions  in  Months* 

Motor 

Number 

IMA 

Ship's 

Force 

Total 

Percent 
of  Total 

1 

28 

26 

54 

44 

13 

2 

35 

33 

68 

56 

12 

Total 

63 

59 

122 

100 

- 

Percent 
of  Total 

52 

48 

- 

- 

- 

*The  mean  times  between  significant  maintenance  actions  were  cal- 
culated by  using  the  censored  data  as  described  in  Appendix D . 

tnaan  tima  batwaan  significant  maintananoa  actions  is  driven  by  tha  failura 
of  tha  punip-alda  irotor  baarlngi  This  failura  is  cauoad  primarily  by  mis- 
allgnmant  of  tha  suction  and  discharga  piping  to  tha  punp  end,  which  causes 
torsional  foroas  to  ba  applied  to  tha  pump  and,  waaring  rings,  shaft,  and, 
ultlmataly,  the  motor  bearings  whan  tha  pun^  suction  and  discharga  piping 
is  bolted  vp.  This  problem,  as  discussed  in  Section  3, 3. 1.3,  should  ba 
reduced  by  tha  promulgation  and  use  of  tha  comprahansiva  centrifugal  puir\p 
overhaul  manual  racommandad  for  development  in  Section  3. 1.1. 2.  The  low 
mean  time  between  significant  maintenance  actions  is  also  a function  of 
tha  number  of  rewinds  as  discussed  in  Section  3. 3. 2. 3.  This  time  should 
be  increased  by  implementation  of  tha  recommendations  made  in  Sections 
3. 3. 1.2  and  3. 2. 2. 3 to  correct  the  alignment  problem,  to  develop  a 
conprahensive  centrifugal  pump  overhaul  manual,  to  increase  the  protection 
afforded  tha  motor  from  accidential  wetting,  and  to  incorporate  a sealed 
insulation  system. 

3.3. 2. 7 Maintenance  Strategy 

A run- to- failure  maintenance  strategy  is  recommended  for  the  auxiliary 
machinery  cooling  water  pump  motors.  This  strategy  is  in  conformance  with 
the  recommended  strategy  for  the  pump  end  as  discussed  in  Section  3. 3. 1.5. 

3.3. 2. 6 Recommendations 

The  following  is  a summary  of  the  recommendations  applicable  to  the 
Reliance  25  hp  Auxiliary  Machinery  Cooling  Water  Pump  Motor i 

* Near  Term 

**  Install  a shield  of  light  sheetmetal  over  the  motor  to  reduce 
the  number  of  rewinds  due  to  accidental  wetting. 

**  Adopt  a run-to-fallure  maintenance  strategy  for  the  auxiliary 
machinery  cooling  water  pump  motors. 
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• Long  Term 


••  Develop  a ShipAlt  to  provide  a mechanical  seal  for  the  pump. 
••  Rewind  the  motor,  Incorporating  a sealed  insulation  system. 


3.4  RECOMMENDED  MAINTENANCE  STRATEGY  FOR  FIREMAIN  SYSTEM  COMPONENTS  AND 

AUXILIARY  MACHINERY  COOLING  WATER  SYSTEM  COMPONENTS 

The  results  of  this  analysis  have  shown  that  the  mean  time  between 
signifioant  maintenance  actions  is  short  for  the  firepump,  firepump  motor, 
firepump  turbine,  and  auxiliary  machinery  cooling  water  pump  and  motor. 

It  has  also  been  shown  that  there  is  enough  redundancy  in  the  Firemnin  and 
Auxiliary  Machinery  Cooling  Water  Systems  that  an  in-service  failure  of  one 
equipment  will  not  normally  cause  a failure  to  the  system.  Since  Ship's 
Force  personnel  are  normally  capable  of  performing  corrective  maintenance 
on  these  equipments,  it  is  concluded  that  a run-to-fullure  maintenance 
strategy  should  be  adopted  during  the  operating  cycle  for  the  following 
equipments  of  the  Flremaln  and  Auxiliary  Machinery  Cooling  Water  Systems i 

• Turbine  and  Electric  Driven  Gun  Metal  casing  Firepumps 

• Firepump  Electric  Motor 

• Firepvunp  Turbine 

• Auxiliary  Machinery  cooling  Water  Pump 

• Auxiliary  Machinery  Cooling  Water  Pump  Motor 


3.5  BASELINE  OVERHAUL  REQUIREMENTS 

The  Baseline  Overhaul  concept  of  the  DDEOC  Program  is  to  provide  the 
maintenance  necessary  to  restore  a system  to  a condition  in  which,  with  a 
well  engineered  and  executed  maintenance  program,  it  can  be  expected  to 
perform  satisfactorily  over  an  extended  operating  cycle.  In  keeping  with 
this  policy,  specific  Baseline  Overhaul  requirements  for  the  Firemain  and 
Auxiliary  Machinery  Cooling  Water  Systems  are  as  follows i 

* Engine  Lathes  - The  Ship's  Force  maintenance  effort  is  hindered  by 
inadequately  maintained  engine  lathes.  It  is  recommended  that  all 
lathes  installed  on  DDG-37  Class  ships  be  inspected  and  repaired  as 
necessary  during  BOH  to  ensure  that  they  are  In  good  working  order 
and  that  all  attachments  and  accessories  are  available.  It  is 
further  recommended  that  DDG-39  be  provided  with  a lathe  capable 

of  accommodating  the  impeller  diameter  of  the  largest  installed 
centrifugal  pump,  or  a lathe  with  a swing  of  a minimum  of  iO". 

• Firepump  Turbine  - A depot-level  Class  "B"  overhaul  should  be  per- 
formed in  accordance  with  TRS  0521-086-601  (the  pressure  regulator 
is  Included  in  the  TRS) . This  recommendation  is  based  on  the  fact 
that  only  a depot-level  industrial  facility  can  adequately  undertake 
the  removal,  repair,  balancing,  and  reinstallation  of  a steam 
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turbine  with  consistent  success.  The  overhaul  itself  is  recommended 
on  the  basis  of  engineering  judgment  of  what  would  be  required  to 
guarantee  reliable  operation  throughout  the  operating  cycle. 

The  results  of  this  analysis  do  not  support  the  routine  Class  "B” 
overhaul  of  all  of  the  equipments  of  the  Firemain  and  Auxiliary  Machinery 
Cooling  Water  Systems  as  recommended  in  the  "Repair  Profile  for  Baseline 
Overhaul  (BOH)  of  DDG~37  Class"  of  Nay  1977.  Only  the  recommendation  for 
Class  "B"  overhaul  of  the  fireptvnp  turbine  Is  supported  (see  Section 
3. 2. 4. 7 of  this  ROE). 

Table  3-15  lists  the  BOH  repa.ir  recommendations  for  SWBS  521  and  524  as 
listed  in  the  DDG-37  Class  BOH  Repair  Profile  and  the  rationale  for  their 
deletion. 


3.6  INTRACYCL3  AND  FOLLOW-ON  ROH  REQUIREMENTS 

Ship's  Force  personnel  have  the  capability  to  perform  major  maintenance 
on  the  firepump,  firepump  motor,  firepump  turbine,  auxiliary  machinery 
cooling  water  pump,  auxiliary  mach.inery  cooling  water  pump  motor,  and 
valves,  with  the  exception  of  motor  rewinds,  motor  baleuioing,  and  casing 
repairs.  The  maintenance  actions  that  cannot  be  accomplliihod  by  Ship's 
Force  (see  Section  3.1.2)  do  not  lend  themselves  to  preventive  maintenance 
and  are  thus  normally  accomplished  only  as  corractlva  maintenance.  There- 
fore, the  only  intracycle  maintenance  requirements  should  be  the  existing 
PMS  actions  as  modified  by  recommendations  of  this  report  and  the  Ship's 
Force  performance  of  all  corrective  maintenance  on  system  pumps  and  motors 
supported  by  an  IMA  as  necessary. 

The  only  follow-on  ROH  overhauls  recommended  are  the  Class  "B"  over- 
hauls, in  accordance  with  the  TRS  0521-036-601,  of  the  firepump  turbine  by 
an  Industrial  facility. 

The  Installed  engine  lathes  should  be  inspected  and  repaired  as 
necessary  at  each  follow-on  ROH  to  ensure  that  they  are  in  good  working 
order  and  f>.re  provided  with  all  the  necessary  attachments. 
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TMbItt  >i5.  RECOMMENDED  CHANGES  TO  THE  DDG-37  CLASS  REPAIR  PROFILE  FOR  BOH 


Mt>tir  Profile  Item 

Rationale  (or  Delation 

1.  Fire  end  FJuehlng  Pumpi 

e.  Putvi 

(1)  overhaul  lAVi  TR8 

A run-to-failuru  malnienancw  atratagy  oombinad  with  an  aggraaalva 
oorractiva  and  praventivo  maintananoa  program  will  praoluda  tha 
routinn  ovarhaul  of  flrapungjs  at  BOH.  Thera  waa  no  concluaiva 
evidancQ  that  tha  ovarhaul  of  tha  flrapumpa  at  BOH*  without  regard 
to  matarlal  <.<ondltionf  would  be  daairabla  or  ooat«af faetiva. 
Therefore,  routine  everhaui  of  firapumpa  at  BOH  ia  net  raeotmandad. 

hi  Hotora 

(1)  Overhaul  lAW  trs 

A run-to-fallura  nalntananoa  itratagy  la  racoimandad  (or  (irapuinp 
motora  In  faction  1.3. 1.7  of  thla  ROE.  Thla  ranonuMndatlon  la 
predicated  on  tha  (act  that  imtor  rawlnda  and  motor  baarln, 
raplacanwnta  ara  alnoat  ImpoBalbla  to  pradiot  alnca  they  ara 
uaually  oauaad  by  antarnal  (actora.  Including  mlaallgnmonti  which 
will  not  ba  reduced  or  allmlnatad  by  pravantiva  maintananca  in  tha 
form  of  routlna  ovarhaula  of  functioning  elactrlc  motora,  Thata- 
fora,  tha  routlna  overhaul  u(  flrapump  alactrlo  motora  at  ROH  it 
not  racommandad. 

0*  Turbintj 

(1)  overhaul  IAN  TM 

No  change. 

d,  controllara 

(11  Claaa  "1"  ovarhaul 

Curre- 1 PHS  proeaduraa  are  adequate  to  maintain  thaae  aqulpnante 

In  guud  iiiatarlal  condition.  No  at  mlflcant'  racurrln'i  intra-cycla 
milntenanoa  haa  bean  reported,  and  thara  oro  no  data  to  aupport 
tha  routine  ovarhaul  of  matin-  onntrollara. 

a I Teat  iam  1300  pal 
Proeadurae 

No  ohanga . 

AUHiXUry  wtttiL  gyittm 


1.  AuxlUtry  NaclUntry  cooling 
w«t«r  Pump!  and  Notora 

a.  ovarhauL  lAW  TRB 


Aa  di4Qutaad  in  Srotlona  3*3i4.4  and  3i1»2i6  of  thla  ROB>  tha 
maan  tifr-:?  batwaan  aionificant  naintananoa  actlona  for  tha 
auKillary  maohlnary  cooling  watar  pumpa  and  motora  ara  17 
t«ontha  and  13  nentha*  raapaotlvaly,  and  a run-to-failura  malnta- 
nancw  at-ratagy  la  raeonmandnd  by  thla  ROB.  Thero  ara  no  data 
to  aupport  tha  auppoiition  that  tha  routlna  overhaul  of  tha 
puinp  and  motor  would  ba  ooat^affaotiva  and  would  Ineraaaa  tha 
abort  intarval  hatwaf^n  aignif leant  maintenance  actlona. 


2*  Controllara 

a.  Claaa  "B**  Ovarhaul 


Currant  PMR  prooaduraa  are  adequate  to  maintain  thaae  aqaip' 
manta  in  good  matarlal  condition.  No  Nlgnlficant  maintananca 
haa  been  repertadi  and  there  are  no  data  to  aupport  the 
routine  o'^arhaul  of  motor  cnntrollnra. 


3.  Teat  in  accordance  with 
12o0  pal  Toat  Piuofdura 


No  change. 


CHfiPTSR  FOUR 


CONCLUSIONS  AND  RDCOMMSNDATIONS 


4 . 1 CONCLUSIONS 


This  Ravlew  of  E>^Qi'lance  led  to  the  following  conclusions) 

• The  Ship's  Force  maintenance  effort  is  hindered  by  inadequately 
maintained  engine  lathes  (Section  3. 1.1.1). 

• A oon^rehonsivo  Centrifugal  Pump  Overhaul  Manual  for  Ship's  Force 
use  lu  not  available  (Sections  3. 1.1. 2 and  3. 1.1.4). 

• The  currently  installed  drip-proof  windings  on  ficepunip  electric 
motors  and  auxiliary  machinery  cooj.ing  water  putrtr  electrio  motors 
are  Inadequate  (Sections  3. 1.1. 3,  3. 2. 3. 3, and  3. 3. 2. 3). 

• Ball  bearing  removal  and  installation  practices  vary  greatly  from 
ship  to  ship  depending  on  the  eKperience  of  the  individual  perform- 
ing ttie  maintenanoH  (Section  3. 1.1. 4). 

• Ball  bearing  heaters  era  not  normally  available  at  the  organisational 
level  (Geotion  3. 1.1. 4). 

• Most  repair  to  the  equipments  of  the  Firamain  and  Auxiliary  Machinery 
Cooling  water  Systems  can  be  accomplished  by  Ship's  Force  personnel 
with  oocasional  IMA  i/.&sistance.  Only  firepump  turbine  overhauls 
require  a depot-level  activity  (Section  3.1.2). 

• The  DART  Firepunp  Improvement  Program  has  resulted  in  a revision 

of  the  military  specification  for  future  procurement  of  centrifugal 
flrepumps  and  the  procurement  and  Installation  of  eight  stainless 
steel  firepump  casings  in  DDG-37  class  ships  (Section  3.2.1  and 
Appendix  C) . 

• Preliminary  indications  are  that  the  installed  stainless  steel  pumpo 
are  demonstrating  Improved  reliability  over  the  cast  gun-metal 
flrepumps  (Section  3.2.1). 

^ Firepump  (pumps  and  motors)  utilization  and  firepump  location  are 
relevant  to  the  maintenance  burden  aseociated  with  the  flrepumps 
(Sections  3. 2. 2.1  and  3. 2. 3. 3). 

• The  currently  stoolced  firepump  impeller  wearing  ring  Is  unsuitable 
for  salt  water  applications  (Section  3. 3. 2. 3 and  Appendix  C) . 


• The  grease  flow  through  the  firepump  bearing  housings  could  be 
in^roved  by  relocating  the  bottom  vent  drain  (Section  3. 2. 2. 4). 

* Two  methods  of  oast  gun-metal  flrepun\p  easing  repairs  are  currently 
being  used  but  no  preferred  method  has  been  identified  (Section 

3. 2. 2. 5). 

■ The  safety  factor  afforded  by  the  automatic  start  feature  of  flre- 
pun\pfc  3 and  S is  not  being  fully  realised  because  dt  the  lack  of 
a uniform  firepump  operating  policy  (Section  3. 2. 2. 7). 

* The  mean  time  between  significant  maintenance  actions  for  firepuflv>s 
is  low  (e.g.,  it  varies  from  9 to  22.  months)  (Section  3. 2. 2. 7). 

* A run-to- failure  maintenance  strategy  and  a change  In  the  periodicity 
of  the  annual  PMS  open-and-lnspeot  requirement  for  the  flrepun^ps  Is 
suggested  (Section  3. 2. 2. 8). 

* The  failure  of  the  swing  check  valve  on  the  discharge  side  of  the 
firepumpe  usually  results  in  serious  damage  to  the  firepump  turbine 
(Sections  3. 2. 4. 4 and  3.2.4.S). 

• A depot-level  Class  "B"  overhaul  of  the  firapunp  turbines  at  BOH  and 
follow-on  BOH  should  significantly  reduce  major  corrective  mainte- 
nance during  the  operating  cycle  (Section  3. 2. 4. 8). 

• The  Internal  wearing  parts  of  the  auxiliary  machinery  cooling  water 
pumps  are  replaced  at  a higher  rate  than  the  Internal  wearing  parts 
of  the  firepumpe  (Section  3. 3.1.2). 

• The  mean  time  between  significant  maintenance  actions  for  the 
auxiliary  machinery  cooling  water  pumps  Is  low  (17  months)  (Section 
3. 3. 1.4)  primarily  because  of  the  flange-to-flange  misalignment  of 
the  suction  and  discharge  piping  to  the  pump  (Section  3. 3. 1.2). 

‘ Add  NSM  9C  4320-00-541-8843,  Impeller  wearing  ring,  to  APL  01611076, 
with  an  allowance  for  two  on-board  spares. 

* A run-to- failure  maintenance  strategy  and  a change  in  the  periodicity 
of  the  annual  PMS  open-and-inspect  requirament  for  the  auxiliary 
machinery  cooling  water  pumps  is  suggested  (Section  3. 3. 1.5). 

• The  auxiliary  machinery  cooling  water  pump  electric  motors  require 
Increased  motor  winding  insulation  to  reduce  the  nuitber  of  rewinds 
(Section  3. 3. 2. 3) . 

‘ With  only  minor  changes,  the  PMS  requlremente  for  the  Flremain  and 
Auxiliary  Machinery  Cooling  Water  Systems  are  adequate. 


4.2  MECOMMEMDATIONS 

Corrective  actions  and  inyprovements  required  for  the  Flremain  and 
Auxiliary  Machinery  Cooling  Water  Systems  are  grouped  as  follows t 

• Beseline  Overhaul  (BOM)  Requirements 

• Intraoycle  Maintenance  Requirements 
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• Follow-On  RDH  Requirements 

• Reliability  and  Maintainability  ln\provetnentB 

• Pl.T-'.i'i'.-o  Maintenance  System  Changes 

• IrriM  li  -ul  Facility  lit\provaments 

• IMA  Improvements 

• Integrated  Logistic  Support  (ILS)  Improvements 

Table  4><1  summarises  all  recommendations  resulting  from  this  Review 
of.  Experience.  A detailed  listing  of  recommended  PNS  changes  is  included 
In  the  DDEOC  MRC  Evaluation  Table  of  Appendix  B.  Action  items  resulting 
from  these  recommendations  are  listed  in  the  DDBOC  Action  Table  of 
Appendix  F. 
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table  4-1.  SUMMARY  OF  ROE  RECOMMENDATIONS 

IqulpiMnt 

Reconunondatlon 

Reason 

Baiellne  overliaul  Roqulraments 

Bnqln*  uth* 

Inapeot  and  repair  aa  necauaary. 

Availability  of  a workable 
lathe  la  fundamental  to  tha 
Ship's  Force  repair  effort. 

Bnaure  that  all  attachments  are 
available. 

rirapunp  Turbina 

Perform  Claaa  “B"  overhaul  of  the 
turbines  in  aooordanoa  with  TRS 
OS31-Oe6<601. 

Thle  type  of  overhaul  should 
be  accompllahed  only  at  the 
depot  level. 

Intraayela  Halntenanea  Raqulrananta 

All  aqulpnanta  of  tha 
Flramain  and  AuNillary 
Mao)ilnary  Cooling 

Hatar  Syatama 

Acoompliih  exlatlng  PMS  requlramanti 
aa  modified  by  racommandatlona  of 
thla  report. 

Bxlatlng  FMB  requlremanta i 
modified  aa  raeommanded  by 
thla  report,  adequately 
addraaa  required  Intraoyula 
maintenance. 

Pollow-on  ROM  Raqulramanta 

Engine  Lathe 

Inapeot  and  repair  aa  neeeaaary. 

Availability  of  a workable 
laths  la  fundamental  to  tha 
Ship's  Force  repair  effort. 

Flrapump  Turbints 

1 

Perform  Claaa  "B"  overhaul  of  the 
turblnea  In  accordance  with  TRB 
0S21>DB6>601. 

Batlmated  to  be  neeeaaary  by 
the  end  of  a 60-month  oper- 
ating cycle . 

Reliability  and  Maintainability  lR\prevamanta 

Motor  and  Turbina 

Driven  Flrepunpa 

TYCOM  Should  eatabllah  a uniform 

firapump  operating  policy  toi 

• Operate  flrapumpa  2 and  4 whenever 
ateam  la  available. 

• Operate  flrepumpa  1 and  6 In  port 
or  whan  under  way  when  flrepumpa 

2 and  4 are  not  available. 

• Keep  flrepumpa  3 and  5 set  up  for 
automatic  start  to  tha  maximum 
extant  poaalble. 

Shift  the  relative  mainte- 
nance burden  from  the  high- 
burdened  3 and  B to  tha 
lower-burdened  1 and  6, 
reduce  the  number  of  rawlnda 
of  1 and  6,  and  Inoraaaa  the 
affaotivanoea  of  the  automatic 
atart  capability  of  3 and  5. 

NAVSEC  should  determine  the  bast 
method  for  gun>metal  pump  easing 
repair  and  promulgate  uniform 
repair  Instructions  . 

At  least  two  different 
mathoda  of  repair  are  cur- 
rently in  uie,  no  determina- 
tion having  been  made  of 
which  method  Is  preferred. 

Use  a run-to-fallurc  maintenance 
strategy  for  the  Installed  flrs- 
pumpa  of  tha  000-37  Class. 

The  mean  time  between 
significant  maintenance 
actions  la  short. 

Develop  a shlpAlt  to  Implement  tha 
recommended  relocation  of  tha  fire- 
pump  bearing  housing  vent  drain. 

Improved  graaae  flow  through 
tha  bearing. 

Develop  a ShlpAlt  to  install 
stalnlasa  steal  casings  on  all 

000-37  Claaa  flrepumpa. 

Stainless  steal  casings  pro- 
vide a ablution  to  tha  caaing 
aroalon  problems,  and  flra- 
pumpa 3 and  S have  more 
caaing  erosion  problems  than 
other  flrepwipa. 

(continued) 
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Tablt  4-1.  (continued) 

Iqulpment 

Reaommendation 

Reaaon 

Reliability  end  Melntalnebllity  Improvementi 

(continued) 

I’lrcpvanp  Bleotrle 
Hotori 

Uae  a run-to-fallura  malntenanoa 
atratagy  for  the  Inatallad  fire- 
pump  elaotrlo  motorii 

Mntor-rawlnd  pravantlon  does 
not  lend  Itself  wall  to  pre- 
ventive maintenance  baaed  on 
calendar  time. 

Develop  a procedure  to  rewind  the 
elaotrlo  motora  utlllaing  the  aealad 
Inaulatlon  ayaten  on  all  tour 
eloottlo-motor-drlvan  flrepumpa. 

The  aealad  Insulation  ayatam, 
when  likplementedi  promisee  to 
be  an  excel  lent  long-tam 
solution  to  tha  high  rats  of 
oleotrlo  motor  rewind  for 
motors  Bubjeotad  to  hlgh- 
molatura  environment. 

Flrepunp  Turbine 

Uai'  a run-to-fallura  maintenance 
atratagy  tor  the  Inatallad  flra- 
pump  turblnaa. 

Tha  Intraoyola  maintenance 
should  be  minor,  with  major 
corrective  malntenanoa  being 
aoecmpllatiad  at  BOH  and 
follow-on  ROHa. 

Auxiliary  Naohlnery 
(^llnp  Meter  Pump 

Hava  ship* a Porea  cheek  the  flanga- 
to- flange  alignment  of  the  pump 
and  auction  and  dlaoharga  piping 
and  adjuat  the  pump  foundation 
bolta  and  the  piping  hangera  to 
correct  any  mlaallgiiment . The 
check  ahould  be  made  each  time 
thla  pump  la  opened  for  eorraetlva 
malntenanoa. 

Reduoa  tha  Internal  wearing 
parts  and  motor  bearing 
usage  ratea. 

Uaa  a run-tn» failure  malntenanoa 
atratagy  for  the  inatallad  auxiliary 
machinery  cooling  water  pumpa. 

The  mean  time  between 
significant  maintsnanoe 
actiona  la  short. 

Develop  a ShipAlt  to  provide  a 
mechanical  aeal  for  the  pump. 

Deoraaaa  the  number  of 
motor  rewinds. 

Auxiliary  Machinery 
Cooling  Water  Pump 
Motor 

Conatruot  a ahleld  of  light  ahaet 
metal  over  the  motor. 

Prevent  grounding  out  of 
the  motor  due  to  accidental 
watting. 

Develop  a procedure  to  rewind  the 
electric  motors  utlllaing  the  aealad 
Inaulatlon  system  on  both  motora. 

Tha  sealed  Insulation  eystam, 
when  implemented,  promises  to 
be  an  excellent  long-term 
solution  to  the  high  rata  of 
electric  motor  rewind  for 
motora  eubjaoted  to  high- 
molatura  environments. 

Planned  Maintenance  System  Changes 

Motor  and  Turbine 
Driven  Plrepumpi 

Change  the  periodicity  of  the  annual 
open  and  inspect  PM5  check  to  a 
situation  requirement. 

The  pump  internals  vlll  be 
inspected  when  opened  tor 
corrective  maintenance . 

Motor  Drlvon  riropumpa 

Istablleh  a FMS  requirement  to  oper- 
ate flrepumpa  1 and  6 every  day  for 
about  one  hour. 

Moisture  accumulation  will 
be  prevented  and  the  number 
of  motor  rewinds  reduced. 

(oontlnued) 


Tablo  4~1 . (continued) 

Bquipnant 

Racoamandatlon 

Reaeen  | 

Plannad  Halntananoa  Syitam  Changaa  (eontlnuad) 

■wing  chaek  Valva 

Bstabliah  a monthly  PNS  raquiramant 
to  opan  and  inspaet  (Irapump  awing 
ohaok  valvas  on  turblns  driven 
flrapumpsi 

Failure  of  tha  awing  ohaok 
valva  usually  results  in 
serious  damage  to  tha  motor 
or  turbine. 

Auxiliary  Maohlnary 
Cooling  Matar  Pumpa 

changa  the  pariodioity  of  the  annual 
open  and  Inspaot  PMi  ohaok  to  a 
situation  raquiramant. 

The  pump  intsrnala  will  ba 
inapaotad  whan  opened  for 
eorrectiva  maintananoa. 

Industrial  Paolllty  Improvamants 

Nona 

IMA  Improvamants 

Nona 

Intsgratad  Logistic  Support  (ILS)  Ruquiramants 

Bngina  Laths 

Hava  Individual  ships  taka  the  naeas- 
aary  steps  to  anaura  that  the  as- 
signed laths  operators  are  qualified 
in  the  operation  and  mslntananoa  of 
tha  equipment. 

A workable  latha  with  a 
qualified  operator  is  fund- 
amental to  tha  Ship's  Fores 
repair  effort. 

Provlda  DDO-JB  with  a latha  eapatola 
of  aeeommodatlng  t^a  impallar  diam- 
eter of  the  largest  Installad 
oantrifugal  pump. 

A latha  with  a minimum  10" 
swing  is  raqulrad. 

Cantrifugal  Pump 

Provide  ship's  Fores  with  a suitable 
Cantrifugal  Pump  Repair  Manual. 

The  organiaational  levsl 
maintananoa  effort  will  ba 
improved. 

Provide  Guitable  ball  bearing  heater 
oveni. 

Ball  bearing  removal  and 
ralnstallatien  preoadurea 
will  ba  standardised. 

Hotor  and  Turbina 

Drlvan  Firopump 

Providn  APL  016031445  to  all  ships 
with  stainlasB  stsel  pumps  and 
ensure  that  shipboard  allowanoas  for 
spars  parts  ars  adequate. 

■hip  visits  indicated  that 
ships  with  stainlasa  steal 
pumps  did  not  have  tha 
correct  APLa. 

Changa  tha  material  raquiramants  for 
the  impeller  wearing  rings  of  tha 
firepumps  supported  by  APL  016020494 
from  Stainless  Steel  class  303  to 
menal,  Qg-N-2BB,  composition  B or  D. 

Currently  stocked  impallar 
wearing  ring  is  net  suitable 
for  salt  watar  applications. 

Assign  an  NBN  to  the  monsl  impallar 
wearing  ring,  and  rsviae  APL 

016030494  accordingly. 

A monal  Impallar  wearing 
ring  will  ba  lass  subjsnt  to 
oorrosion  than  tha  currently 
stocked  stainlasa  stasl  one. 

Firapufflp  Swing  Chaok 
Valva 

Conduct  a COSAL  validation  to  ensure 
that  tha  installed  firspump  swing 
check  valvas  are  supported  by  tha 
proper  APL. 

Present  COSALs  do  not  always 
include  tha  Installad  swing 
check  valvas. 

Auxiliary  Maohlnary 
Cooling  Watar  Pump 

Add  N8N  9C-4330-00-S41-8643,  Impallar 
wsaring  ring,  to  APL  016110076,  with 
an  allowance  for  two  on-board  spares. 

TIis  impallar  wearing  ring  is 
not  listed  on  tha  APL  for 
tha  pump. 
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SOURCES  OF  INFORMATION 


Thfl  ipaolfla  souroMs  of  Information  used  as  a basis  for  ths  Systsm 
Naintsnanca  Analysis  of  ths  Firamain  and  Auxiliary  Machinsry  Cooling 
Water  Systems  are  listed  below t 

1.  Qaneration  IV  MD3  Part  and  Maintenance  Data  for  000-37  class  for 
the  period  1 January  1970  through  31  October  1976. 

2.  CASRBP  narrative  sunnarles  for  the  period  1 July  1973  to  30  June 
1976. 

3.  Technical  Manual  - Turbine  and  Motor-Driven  500  G.P.M.  Fire 
Pumps,  Warran  Pun\ps,  Inc.,  NAVSHIPS  347-3242,  (February  1959). 

4.  Ship  Information  Book,  DLG-9  {DDQ-40) i 

• Volume  1,  Hull  and  Mechanical,  NAVSHIPS  0905-475-4010. 

• Volume  2,  Part  1 of  2,  Piping,  NAVSHIPS  0905-475-4020. 

• Volume  2,  Part,  2 of  2,  Piping,  NAVSHIPS  0905-475-4030. 

5.  Propulsion  Operating  Guide  for  DDG-6,  7,  8,  and  45. 

6.  Type  Commander 'a  COSAL,  SURFIANT  and  SURFPAC,  dated  28  April 
1976  and  23  June  1976,  respectively. 

7.  Allowance  Parts  Lists  (APLs)  for  selected  components  of  the 
Firemain  and  Auxiliary  Machinery  Cooling  Water  Systems. 

8.  Maintenance  Index  Pages  and  Maintenance  Requirement  Cards  for 
selected  aon\ponents  of  the  Firemain  and  Auxiliary  Machinery 
Cooling  Water  Systems. 

9.  Technical  Repair  Standards  (TRS) i 

• TRS  0521-086-600,  Punp,  Fire  (Turbine  and  Motor  Driven) 

• TRS  0521-086-601,  Turbine,  Fire  Pump 

• TRS  0521-086-604A,  Motor,  Coupled,  Horizontal  Mounted,  Fire 
(Turbine  and  Motor-Driven)  Pump 
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10.  Trip  Report  (21-23  September  1977)?  ARINC  Research  Corporation 
visit  to  I 

• COMMAVSHRFLAMT 

• USS  PRATT  (DDO-44] 

• USS  MACDOMOUGK  (DDQ-39) 

« USS  DBVnsy  (ODO-45) 

• USS  PUGBT  SOUND  (AD- 38) 

SXMAt  Charleston;  South  Carolina 

11.  Taohnlcal  Manual  - Bleotrical  Haohinery  Rrpair;  Volume  I; 

Bleotrlc  Motor  Repairs;  NAVSB.\  0900-liP-060-2010. 

12.  PBRA  (CBUDBS);  PKILMAVSHZPYD;  "Ship  Alteration  Information  Manual; 
000-37  Class";  1 Movember  1976. 

13.  nev«iopinent  at  EguipiMnt  Behavior  Measures  for  bleated  Bguipmants 
in  the  Propuiaion  Plant  of  DDG-3  Class  ships,  ARIMC  Research 
Publication  1623-01-1-1347;  Daoember  1974. 

14.  OPNAVINST  4790.4,  Material  Maintenance  Manasrement  (3M}  Manual, 
Volumes  I and  IZ,  June  1973. 

15.  ODG-37  Class  Maintenance  critical  Equipment  List,  ARINC  Research 
Corporation,  30  Rprll  1976. 

16.  Overhaul  Departure  Reports  for  DDG-37  class  Ships. 
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APPENDIX  A 


BOUNDARIES  0?  FIREMAIN  AND 
AUXILIARY  MACHINERV  CODLING  WATER  SYSTEMS 
FOR  ODG-37  CLASS  SHIRS 


Tha  Flramaln  und  Auxiliary  Machinery  cooling  Water  Syatema  diacuaaad 
in  this  report  consist  principally  of  the  components  listed  in  Table  A-1. 

The  table  also  lists  APL  numbers  and  APL  quantities  per  ship.  In  developing 
this  table,  at  attempt  was  made  to  resolve  inoonslstenoies  among  Typo 
Commander's  COSAL  and  MDS  reporting  data,  but  all  such  InoonslstanoJes 
could  not  bo  reroJ.ved.  This  configuration  Is  tho  beat  estimate  from  all 
avallabj.a  data  sources. 

Figure  A-1  Is  a graphic  representation  of  a typical  DDG-37  Class 
Flremaln  and  Auxiliary  Machinery  Cooling  Water  System, Including  a line 
diagram  of  the  two  systems,  the  selected  components  of  each  system,  their 
associated  APLs,  and  the  Interface  between  the  two  systems. 


r ; 


Tabie  A-1,  COMPONENTS  OF  PIREMAIN  AND  AUXILIARY  MACHINERY  COOLING  WATER 
SYSTEM  FOR  DOG-37  CLASS 


Firemaln  System 


Firapump.  500  GPM 

..01(5020494* 

6 

6 

6 

6 

6 

6 

6 

5 

6 

n 

Firapump.  500  GPM 

016021445* 

1 

1 

1 

1 

2 

B 

Firapump,  500  GPM 

016020526* 

1 

Firapump  Motor 

174750564* 

4 

4 

4 

4 

“ 

“ 

“T 

4 

T 

O 

Controller  (Firapump  Motor  6) 

i51801406* 

_1_ 

_1_ 

A, 

1 

1 

1 

1 

1 

1 

■1 

Controller  (Firapump  Motors 

3 and  5) 

i518ul533* 

■ 

Controller  (Fireuump  Motor  1) 

151801534* 

1 

1 

T 

T 

T 

T 

T 

T 

X 

a 

Firapump  Turbina 

057950042* 

2 

2 

2 

2 

2 

2 

2 

«> 

a. 

2 

B 

Firapump  Turbine  Regulator 

882260195* 

2 

2 

2 

2 

2 

2 

2 

2 

B 

Firapump  Turbina  Regulator 

882260469* 

T 

Flexible  Coupling 

‘^^iSSbooii* 

”5“ 

T 

T 

"e" 

T 

T 

6 

6 

IJ 

ii*S  Gate  Valve 

IMZSSIiL-. 

5.0"  IPS  Gate  Valve 

882042020** 

.Precise  configuration  data 
unavailable. 

J 

4.0"  IPS  Swing  Chaok  Valve 

882035712 

4.0"  IPS  Swing  cKeck  Valve 

882033714 

4.0"  IP.*!  Swing  Check  Valve 

882032461:^ 

4.6**  IPS  Swing  Check  Valve 

aiitiiliil 

Auxiliary  Machinery  Cooling  Mater  System 


Auxiliary  Machinery  Cooling 
water  Pump  _ .. 

016110076t 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Auxiliary  Machinery  Cooling 
Water  Pump 

174750217t 

'> 

T 

T 

T 

T 

~T 

2 

T 

2 

T 

3.5"  IPS  Reducing  Valve 

882091721 

T 

T 

T 

T 

T 

T 

~P 

T 

3.5"  IPS  Relief  Valve 

992117196 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3.0"  IPS  Gate  Valve 

T§'5'641l6i7 

Precise  confiour 

aH 

on 

a 

3.5"  IPS  Gate  Valve 

883042018 

unavailable 

♦NAVSHIPS  Technical  Manual  347-3242. 

**lnstallod  in  Auxiliary  Machinery  Cooling  Water  System  also. 
+NAVSHIPB  Technical  Manual  347-3448. 


1 


No.  1 tngint  ftoom 


• Valva 


No,  1 Bmirganoy 
Auxiliary  Harnhlnary 
Cooling  Watar 
RaJuoar  — v T 

803091731  \ B=a 


Railaf  valva 
883117196 


3.0"  IPS  oata  Valva 
883043017 


.4.0"  IPS  Swing  Chack  Valva 
Vac<oua  APLa 


No.  3 Pira  Pump 
016020494 


n 

Motor 

Controller 

u 

174750564 

151801533 

Plax  Coupling 
783350005 


5.0"  IPS  a«tn  Valva 
882043030 


No.  3 Plra  Boom 


5,0"  IPS  oats  Valva 
8830430,70 

No.  4 Plra  Pump 
016030494 


Turbina 

057950042 


Ragulater 

883360195 


\ Flax  Coupling 
782350005 


,4,0"  IPS  Swing  chaok  valva 
' Various  APLt 


4,0"  IPS  Oata  Valva 
8B3042019 


Auxiliary  Haehlnary  Cooling  Watar  Main 


V7  ^'8"  1F8  Oata  Valva 
}^882043016 


Motor 

174750317 


No.  2 Auxiliary 
Haohinary  cooling 
Watar  Pump 
016110076 


5.0"  IPS  Gate  Valva 
883042020 


4.0"  IPS  Oata  Valva 
882043019 


No.  2 inarganoy 
Auxiliary  Maehlnary 
cooling  Matar  RaSuoapi 
883091731  , 


Figure  A-1.  TYPICAL  DDO-37  CLASS  FIREMAIN  AND  AUXILIARY  MACHINERY  COOLING  WATER  SYSTEMS 


APPENDIX  B 


CA.SREP  SUMMARY 


CASRBPc  for  the  000-37  Clftse  Plremeln  Syetcm  covering  the  perJ.od  from 
1 July  1973  to  30  June  1976  are  ahovm  in  Table  B-1.  The  CASREPa  are  listed 
by  coiQponent  and  categorised  by  cause.  The  table  Is  based  on  56  CASREPs 
submitted  by  10  ships  that  operated  for  a total  of  20.9  ehip  opereting 
years  during  this  three-year  period.  Therefore » the  rate  of  CA3RXP  B\ib- 
misaion  against  the  Firemain  System  for  this  period  is^ 

56  CASREPa 

'26~.9~Shrp 'operating  Ymlli  " Ship  Operating  Year 

No  CASRBPTa  were  reported  against  the  Auxiliary  Machinery  Cooling 
Hater  System  during  the  CASREP  data  period. 
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Table  B-1.  CASREP  ANALYSIS  SUMMARY  FOR  THE  DDG-37 
CLASS  FI REMAIN  SYSTEM 


Reason  for  CASREP 

Nitnber  of 
CASREPs 

Percent  of 
Total  CASREPs 

Number  of,  ' 
Ships  Reporting 

Firapump 

8 

Wear 

12 

Part  Failure 

5 

Abnormal  Environment 

1 

Subtotal 


Itj 


32.1 


Firapump  Turbina 
Wear 

Part  Failure 
Subtotal 


8.9 


Firapump  Motor 

Part  Failure 
Abnormal  Environment 
Mlacallaneous 

Subtotal 


14 

e 

4 


26 


46.4 


Firapump  Turbine  Pres sure 
Regulator 

Wear 

Subtotal 


1.8 


Flexible  Coupling 

Part  Failure 
Abnormal  Environment 

Subtotal 


3.6 


Valves 


Part  Failure 
Miscellaneous 

Subtotal 


5.4 


Electric  Motor  Controllers 
Part  Failure 
Subtotal 


Total 


56 


1.8 


100.0 
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SOMMARV  OF  MIL-P'l739  (D)  (SHIPS) 
DATED  13  MARCH  1972 


Tho  military  epacifications  for  centrifugal  pumps  suitable  foe  use  as 
fire  pumps  are  contained  in  MIP-P-1739  (D)  of  13  March  1972. 

The  existing  DDG-37  Class  firepumps,  APL  016020494,  were  built  to 
conform  to  MIL-P-1739  for  Class  0-2  pumps  (C-2  representing  pumps  \;ith  an 
impeller  between  bearings) . The  significant  differences  are  shown  in 
Table  C-1. 


Matarial 

1.  Caaing 

Giun  Matal 

Btalnloifl 

Steal 

nun  HoU.l 

Qun  Metai 

2.  tmtwUar 

Honal 

Stainlaaa 

Bttel 

Moiiai  j 

Monel 

i.  Casing  Wearing 
kinga 

Sronaa 

Monel  1 

■taf.rJ. 

Honal 

4*  Impallar 

Wearing  kinga 

oun  H«b*l 

M/k* 

i 

Btainloah 

Steel 

H.^nel 

S.  dhaft 

lt>liad  Munal 

Kollad  Honal 

Moiled  Monel 

kolVed  Monol 

6.  8ht(t  BlMVtl 

Niokai-Coppar 

-klunlnuRi** 

Nickal-Cuppar 

-Alvwinum** 

Mickcl-Coppar 

-Aluminum** 

MicVel-Coppet 

-Aluminum** 

7.  Shaft  Saal 

i/S"  iraidod 
l*aokingt 

Haohanical 

Saal 

1/3“  Braided 
Packingt 

i/3“  Braided 
Paeking't 

th*U  not  b«  furnlvhod  with  wearing  rinqa.  Tho  Inpollor  woarlnd  hub 
•hoU  hovo  luffloiont  matorlai  thieknoao  to  function  ••  would  a woarin^i  rtnv. 
**lloavaa  ahall  bt  mada  of  nlokal-ooppor»alufninun  alloy  or  highly  allnyad 
italnloaa  ataal> 

il/2"  Taflon  imprognatad  braidad  anboatoa  packing  conunonly  uaad. 
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APPSHDIX  D 


DATA  ON  SIQNIFICANT  MAINTENANCE  ACTIONS  USED 
TO  CREATE  WBXBULL  HAZARD  PLOTS 


rh«  tlm«  In  month*  b*tw««n  slgiklfioant  maintenance  action*  on  fire- 
pvuikpo  (pump  end*),  firepump  driver*,  and  auxiliary  machinery  cooling  water 
pump*  (pump*  and  driver*)  wa*  recorded  for  each  ahip.  Each  aigniflcant 
maintenance  action  wa*  conaidered  to  reatore  the  equipment  to  a like-new 
condition,  and  time  wa*  reset  to  eero  following  such  an  action,  li'  the 
period  of  life  did  not  end  in  a significant  maintenance  action  but  stopped 
at  a conversion,  ROM,  or  the  end  of  the  data  period,  the  time  was  treated 
a*  a censored  observation.  The  following  Illustration  shows  the  difference 
between  these  two  types  of  datai 

Significant  Maintenance  Actions 


I 


Conversion 

or 

ROM 


1 ):  months 

1 y months  | 

1 Time  to 

' Censored  * 

Action 

Observation 

Conversion 
or  ROM  or 
End  of  Data 


Both  types  of  data  were  used  in  Nelson's  hasard  plotting  method*  to 
determine  the  parameters  of  the  Wbibull  diotrlbution  which  best  fit  the  data. 

In  the  tables  that  follow,  ceneored  observations  are  marked  with  an 
asterisk.  Data  for  the  six  flrepumps  and  drivers  are  given  .in  Tables  D-1 
and  D-2,  respeotively.  Table  D-3  contains  data  on  the  Auxiliary  Machinery 
Cooling  Hater  Syster.  pumps  and  motors. 


Table  D-1.  MONTHS  BETWEEN  SIGNIFICANT  MAINTENANCE  ACTIONS  FOR 


FXREPUMPS  (PUMP  ENDS) 


Pvmtp  1 

Pump  2 

Pump  3 

Pump  4 

Pump  5 

Pump  6 

2,2,2* 

1,1* 

1*,1*,1*,1* 

1* 

2, 2, 2, 2 

2 

3* 

3,3 

2,2,2 

2,2,2 

2,2* 

3, 3, 3, 3* 

4,4,4* 

4, 4, 4, 4, 4* 

3f3/3|3^3 

3 

3 / 3 ^ 3 / 3 

4* 

6, 6, 6, 6*, 6* 

5,5 

3,3,3* 

4, 4, 4, 4* 

3,3* 

5,5 

7,7* 

6,6,6* 

4, 4, 4, 4 

5,5*, 5* 

4, 4, 4, 4 

6,6* 

9,9* 

7, 7*, 7* 

4, 4, 4, 4 

6,6,6* 

4, 4, 4, 4 

7* 

10 

8, 8, 8*, 8* 

4,4* 

8 

5, 5, 5, 5 

8* 

11* 

9 

5, 5, 5, 5 

9,9 

5,5* 

9,9* 

12 

10 

5* 

10,10 

6,6,6* 

10 

13 

11 

6, 6*, 6* 

11,11 

7*, 7* 

11, 11*, 11* 

14* 

12*, 12* 

7,7,7 

12 

8,8 

12,12 

15,15* 

13 

8, 8, 8, 8* 

14 

9, 9, 9, 9 

13* 

16 

14,14,14 

9, 9, 9, 9 

15* 

9,9 

14,14* 

17,17* 

15 

10,10,10,10 

17* 

10,10 

15 

18,18* 

16 

11,11* 

18*, 18* 

11 

16 

19* 

17,17* 

12,12 

19,19* 

13,13 

17 

21 

18*, 18* 

13,13 

21* 

14,14,14 

19 

22 

19* 

14,14 

22 

14,14* 

20* 

23 

21,21,21,21 

15,15,15 

23,23* 

15 

21* 

25 

27* 

16 

25,25* 

16, 16*, 16* 

22 

26* 

28 

17,17* 

27* 

17 

23 

28 

32 

18 

28 

19,19* 

27 

30 

36 

22,22* 

29* 

21* 

31* 

34,34 

31* 

47* 

33 

35,35 

45 

50* 

35 

38 

45* 

^Denotes  ceneored  observation. 
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Table  D-2.  MONTHS  BETWEEN  SIGNIFICANT  MAINTENANCE  ACTIONS  FOR 
FIRSPUMP  DRIVERS 


Motor  1 

Turbine  2 

Motor  3 

Turbine  4 

Motor  5 

Motor  6 

1 

2 

1* 

3* 

3 

2, 2, 2*, 2* 

2,2 

4,4,4 

3 

4, 4, 4, 4* 

4*, 4* 

2* 

3, 3*, 3*, 3* 

5,5* 

4, 4, 4, 4 

6 

5* 

3,3,3 

4, 4, 4, 4 

6* 

6* 

8* 

6 

4, 4, 4, 4* 

5,5* 

7* 

7* 

15* 

7* 

4*, 4*, 4* 

6,6, 6*, 6* 

9* 

8,8* 

16,16,16* 

8 

5,5,5 

7,7, 7,7* 

11* 

9,9* 

17* 

10,10* 

6 

a 

12 

14 

18 

12* 

7 

9,9,9 

14*, 14* 

15* 

19* 

14* 

8,8,8 

13,13* 

13 

17,17* 

20 

16* 

9 

14,14* 

16 

18* 

23,23* 

18,18* 

10,10,10 

19* 

17,17,17* 

22, 22*, 22* 

24 

20* 

11,11* 

20 

18,18* 

23,23* 

25 

21* 

14 

23 

19,19 

25 

27* 

24 

15 

26* 

20* 

28* 

31,31* 

27 

17*, 17* 

31 

21* 

39 

33 

28* 

18 

34 

25,25 

42 

36* 

29 

21*, 21* 

35 

27* 

43* 

39 

31* 

25 

37* 

30* 

55* 

43* 

36* 

27*, 27* 

38* 

35 

58* 

39 

36 

39* 

36* 

45 

37 

41 

43* 

46* 

38 

49* 

48* 

56* 

43* 

*D6noteii  censored  observation. 


Table  D-3 

. MONTHS  BETWEEN  SIGNIFICANT  MAINTENANCE 
ACTIONS  FOR  AUXILIARY  MACHINERY  COOLING 
HATER  SYSTEM 

Unit  1 

Unit  2 

Pump 

Motor 

Pump 

Motor 

1* 

1* 

1* 

1,1, 1,1, 1,1,1* 

2,2,2* 

2, 2, 2, 2, 2 

3, 3, 3*, 3* 

2, 2, 2, 2, 2* 

3,3* 

3, 3, 3, 3* 

4, 4, 4, 4*, 4* 

3, 3*, 3* 

4, 4, 4, 4* 

3*, 3* 

5,5,5 

4, 4, 4, 4 

5 

4, 4, 4, 4 

6, 6*, 6* 

4,4,4 

6* 

5 

7*, 7* 

5,5,5* 

7* 

6,6* 

8 

6,6* 

8,8,8* 

7, 7, 7*, 7* 

9 

7, 7, 7, 7, 7,7.^ 

9,9* 

8, 8*, 8* 

10,10 

8*,  8* 

10,10,10* 

10,10,10,10* 

11 

9,9 

11,11 

12 

12 

10,10,10 

12 

13,13,13 

13,13,13 

11,11,11* 

15 

18* 

14* 

12 

16* 

19,19,19 

15,15* 

13, 13*, 13* 

17,17 

20 

16 

14* 

22,22* 

21,21,21* 

18 

15,15 

23,23* 

23 

22 

16 

27,27,27* 

24 

24 

17 

32 

27 

25* 

22,22 

51 

U. 

28 

26* 

27,27 

30 

38* 

39 

41* 

23,23* 

24,24* 

27 

*Denotes  oenaorcd  observation. 
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MRC  EVALUATION 


The  DDEOC  MBC  Evaluation  form  in  this  appendix  spaolflsa  the  Mainte- 
nanoe  Index  Pages  (MIFs)  applioablo  to  the  Firemain  and  Auxiliary  Machinery 
Cooling  Water  System  and  lists  the  Maintenance  Requirements  Cards  (MRCs) 
that  should  be  modified  or  deleted,  emd  indicates  where  new  MRCs  are  needed i 

• MRC  Title  - Description  of  maintenance  specified  by  MRC 

• MRC  Number  - Identification  number  of  MRC 

• Responsibility  - Organisations  responsible  for  change  (if  any) 

• Current  Status  (self-explanatory) 

• Man-Hours  - Personnel  time  burden  allotted  to  complete  maintenance 
action 

• Frequency  - When  the  mhc  maintenance  action  is  to  be  performed,  e.g., 

0 ••  daily • V weekly,  M munthiy,  Q ■ quarterly,  S semiannually, 

A ■ annually,  C <■  once  every  cycle,  R as  required 

• Type  - Perform  maintenance  (P) , or  survey  material  condition  of 
components  (S) 

• Who  Performs  Test  - Maintenance  action  or  test  to  be  performed  by 
tender,  or  DDEOC  site  team,  or  Ship's  Force  personnel 

• Where  performed  (self-explanatory) 

• Data  - Indicates  whether  data  are  recorded  during  performance  of 
maintenance  action 
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MMTirii 


MUMIIH 


MRC  EVALUATION 


SHIP  CLASSt  DDG-37 >1 

SMA  NO:  37-201-521 | 

SYSTEM : piremaln  & Auxiliary  Mao  hi  nagi| 


itUM  ^ 

rRiaUINCY 

TVH* 

WNONR'OMWTIIT 

SHIM 

NMORWe 

MtA 

1 fWTOPIOC 
. WH 

niiaaioe  Pon  oDioe 

r-Nur. 

I-URV. 

TIHOH  OOlU  MIR 

l-INHHT 

l*«TMA 

Yll 

NO 

16.0  A R P,3 


1.  -i-o 


D P 


10.0  A R V,8 


ChAng*  pArlodlolty  to  a situation  ir«qulr«mant 
and  aoooBipllah  whan  pump  la  opanad  fxsr 
significant  oorraotiva  malntananoa. 


No  Oavalop  an  MhC  to  ragulra  oparatlon  of  #1 
and  #6  flrapunypa  for  approximataly  ona  hour 
dally  to  dry  out  ths  motor  windings. 


X I,s  Yas  Changs  parlodioity  to  a situation  raquirsmant 
and  accomplish  whan  pump  Is  opanad  for 
significant  ocrrsotlva  malntananoa. 


No  Davalop  an  MRC  to  raqulra  tha  monthly  opening 
and  Inspaotlon  of  tha  flrapiuip  discharge 
swing  check  valve. 


Yes  Change  periodicity  to  a situation  raqulrament 
and  aoccRtpllsh  when  the  pump  is  opened  for 
significant  oorractive  maintenance. 


. u . 


APPBNDIX  F 


DDSOC  ACTION  TABLB 


DDBOC  action  Itamt  ara  praaontad  in  tha  tabla  of  thla  appendix.  Tha 
table  la  formatted  to  provide  tha  Implementation  statua  of  ohangea  through 
completion  of  tha  Claaa  Maintenance  Plan  and  to  aarve  aa  a ready  refaranoa 
to  apaclfio  aactlona  in  Chapter  Three  that  addraaa  in  detail  tha  problem 
involved. 


DDEOC  ACTION  TA 


BA6EI.INB  OVERHAUL 


Englna  Lath* 


Firapump  Turbin* 


INTRACYCLE  MAINTENANCE 


REQUIREMENTS 


FOLLOW-ON  ROH  REQUIREMENTS 


Engln*  Lath* 


Firapump  Turbina 


RELIABILITY  AND  MAINTAIN 


ABILITY  IMPROVEMENTS 


Motor  and  Turbina  Driven 
Firapumps 


inapaot  and  repair  an  naoaasary/  Inaura  3,1. 
all  attaohmant*  are  available. 

Claas  "B"  overhaul  the  turbine  lAH  TRS  3.2. 
0521-086-601. 


No  additional  action  required. 


Inapaot  and  repair  aa  neoeasary.  Inaura  3. 1.1.1 
all  attachinenta  are  available. 

Claaa  "B"  overhaul  the  turbine  lAW  TKd  3, 2, 4. 7 
0521-086-601. 


Eatabliah  a uniform  firapump  operating 
policy  to  I 

* Operate  firepumpa  3 and  5 whenever 
ateam  ie  available. 

‘ Operate  flrepumps  1 and  6 in  port  or 
when  under  way  w'^en  firepumpa  2 and  4 
are  not  available. 

■ Keep  firepumpa  3 and  D act  up  for 
automatic  start  to  the  maximum  extent 
possible. 

NAVSEC  should  determine  the  beat  method 
for  gun  metal  pump  casing  repair. 


3. 2. 2.1 
and 

3, 2. 3. 3 


3. 2. 2. 5 


•NOTE  1:  DEVELOPING  ACTIVITY  FILL  IN  THE  FOLLOWING  BLOCKS;  la,  b;  3;  4;  B (IF  KNOWN);  6a,  IF  REQUIRED  FOR  CONTINUATIO 
••  NOTE  2:  DDEOC  EVALUATION  - APPROVED,  FURTHER  STUDY  REQ’D,  ETC, 

t NQTE  3:  RESPONSIBILITY  - ACTIVITY  RESPONSIBLE  FOR  TAKING  THE  ACTION.  __  ^ 


,,,.  .i-wn-*..**,  -IT 


OC  ACTION  TABLE 


J.3.2.1 

and 

3.:t.3,3 


NlifOMIIiaiTV  > 


1.1.1  NAVSBA  934X 


3. 2. 4. 7 NAVSBA  934x 


3. 1.1.1  NAVSEA  934X 


3. 2. 4. 7 NAVBEA  934X 


TVCOM 


3. 2. 2. 5 NAVSEC 


SHIP  CLASS:  pDGl-3_7 

SMA  NO;  37-201-521 
SYSTEM;  Firemin  and  Machln 


ICHIDUllNatATII 


Mi 


iuH 


R CONTINUATION  OF  DEVELOPING  ACTIVITY  TASK,  7,  AS  NECESSARY, 


DDEOC  ACTION  T 


NO. 


ACTIDNiriM* 


Tint 


1 

s 

4 

QOlOO 

IVALUATION 

ACTION  ITIMOIICairiON 

RITONT 

MFIRINCE 

IPANA.I 

A run-to-fallure  maintenance  strategy  is 
recommended. 

3. 2.2.8 

Develop  a ShipAlt  to  implement  the 
recommended  firepump  bearing  housing 
vent  drain  relocation. 

3. 2. 2. 4 

Develop  a ShipAlt  to  install  stainless 
steel  casings  on  all  DDG-37  Class 
firepumps. 

3. 2. 2. 5 

A run-to-fallure  maintenance  strategy  is 
recommended. 

3. 2. 3. 7 

Develop  a procedure  to  rewind  firepump 
electric  motors  utilising  the  sealed 
insulation  system. 

3. 1.1. 3 
& 

3. 2.3.3 

A run-to-fallure  maintenance  strategy  is 
recommended . 

3. 2. 4. 7 

Construct  a shield,  of  light  sheet  metal, 
over  the  motor. 

3. 3. 2. 3 

Check  the  flange  to  flange  alignment 
between  the  suction  and  discharge  piping 
and  the  pump,  adjusting  the  pump  motor 
foundation  bolts  and  pipe  hangers  as 
necessary  to  correct  any  misalignment. 

3. 3. 1.3 

A run-to-fallure  maintenance  strategy  is 
recommended. 

3. 3.1.5 

Develop  a procedure  to  rewind  auxiliary 
machinery  cooling  water  pump  motors 
utilizing  the  sealed  insulation  system. 

3. 3.2. 3 

Develop  a ShipAlt  to  provide  a mechanical 
seal  for  the  pump. 

3. 3. 2. 3 

I- 


4. 


RELIABILITY  AND  MAIMTAIN- 
i^lLITY  IMPROVEMENTS 
(oontxnuVd) 

Motor  and  Turbine  Driven 
Pirepumps  (continued) 


Firepump  Eleotrlc  Motors 


Firepump  Turbines 


Auxiliary  Machinery 
Cooling  Water  Pump  Motor 

Auxiliary  Machinery 
Cooling  Water  Pump 


\ 


• NOTE  1 ; DEVELOPING  ACTIVITY  FILL  IN  THE  FOLLOWING  SLOCKS:  la,  b;  3;  4;  8 (IF  KNOWN);  Sa,  IF  REQUIRED  FOR  CONTINUATIONi 
*•  NOTE  2:  DDEOC  EVALUATION  - APPROVED,  FURTHER  STUDY  REQ'D,  ETC, 
t NOTE  3:  RESPONSlilUTY  - ACTIVITY  RESEONSliLE  EOS  TAKING  THE  ACTiON. 


ACTION  TABLE 


MWONMIIIITV  t 


3.2.2 


MAVSZA 


NAVSBA 


3. 2. 2. 5 NAVSEA 


3.2.3 


MAVSEA 


3.1.1.J  NAVSEA 

fi 

3. 2. 3. 3 

3. 2. 4. 7 NAVSEA 


3. 3. 2. 3 Ship'*  Pora* 
aB«l0t«d  by  IMA 

I 

3. 3. 1.3  Ship's  Force 
assisted  by 
DDBOC  Site 

Team 


3.3.1.S  NAVSEA 


3. 3. 2. 3 NAVSEA 


3. 3. 2. 3  NAVSEA 


UHlOUlINft  OATH 


SHIP  CLASS;  ddq-37 

SMA  NO:  37-201-521 

S Y ST E M ; Firemain  and  Auxiliary  Machln 
ery  Cooling  Water  System 


OB  CONTINUATION  OF  DEVELOPING  ACTIVITY  TASK;  7.  AS  NECESSARY. 


ACTION  ITIM* 


ii 


PlANttBD  MAINTENANCE 


SYSTEM  CHANGES 


Motor  and  Turbina  Driven 
Flrepumps 


Motor  Driven  Flrepump 


Swing  Check  Valve 


Auxiliary  Machinery 
Cooling  Hater  Punpa 


INDUSTRIAL  FACILITY 


IMPROVEMENTS 


IMA  IMPROVEMENTS 


INTEGRATED  LOGISTIC  SUP- 


PORT 


Engine  Lathe 


All  Centrifugal  Pumpe 


Change  the  periodicity  of  MRC  C3-C91K  of  3.2.2.B 
MIP  E-28/252  and  MRC  55-GBlQ-N  of  MIP 
E-37/51  from  annual  (A)  to  situation 
requirement  (R) . 

Establish  a PMS  requirement  to  operate  3. 2. 3. 3 
flrepumps  1 ^nd  6 on  a daily  basis  for 
about  one  ..'tr. 

Establish  a monthly  PMS  requirement  to  3.2.4.S 
open  and  Inspect  flrepump  swing  check 
valves  on  turbine  driven  flrepumps. 


Change  the  periodicity  of  t4RC  21-A13-CA  3. 3. 1.5 

of  MIP  A-19/1S0  from  annual  (A)  to 
situation  requirement  (R) . 

None. 


None. 


Insure  that  a qualified  lathe  operator  Is  3. 1.1.1 
assigned  to  each  ship. 

Provide  DDG~39  with  a lathe  with  a 10"  3. 1.1.1 

minimum  swing. 


Provide  Ship's  Force  with  a suitable 
Centrifugal  Pump  Repair  Manual. 

Provide  suitable  ball  bearing  heater 


3. 1.1. 2 


• NOTE  1 
••  NOTE  2 
t NOTE  3 


DEVELOPING  ACTIVITY  FILL  IN  THE  FOLLOWING  BLOCKS:  la,  b;  3;  4;  6 (IF  KNOWN);  0a,  IF  REQUIR(:D  FOR  CONTINUATIOI 
DDEOC  EVALUATION  - APPROVED,  FURTHER  STUDY  REQ'D,  ETC, 

RESPONSIBILITY  - ACTIVITY  RESPONSIBLE  FOR  TAKING  THE  ACTION.  ^ 


SHIP  CLASS;  DlDG-37 

SMA  NO;  37-201-521 

C ACTION  TABLE 

SYSTEM;  piremain  and  Auxiliary  Machiii' 
erv  Coolinei  Water  Systems 

TYCOM 


NAVSBA  934X 


NAVSBA  934X 


TYCOM 


SUPERS 

MAVSEA  934X 

NAVSBA  934X 

NAVSBA  934X 


ICHtOUlINO  MTII 


R CONTINUATION  OF  DEVELOPING  ACTIVITY  TASK;  7,  AS  NECESSARY. 


C ACTION  TABLE 


KIMNIIIIIITV' 


3.2.1  MAVSEA  934X 


3. 2. 2. 3 NAVSSC 


3. 2. 2. 3 HAVSUP 


3 . 2 . 4 . 5 Ship ' • Fora« 


3. 3. 1.3  NAVSUP 


KHIDUIINO  aATii 


n CONTINUATION  OF  DEVELOPING  ACTIVITY  TASK;  7.  AS  NECESSARY. 


SHIP  CLASS:  PPG- 37 

SMA  NO:  37-201-521 

SYSTEM:  Flremain  and  Auxiliary  Machln 
— Coolln-  — - — 


